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(hot Today ! 


Request Bulletin 840-L23A. 
Builders-Providence, Inc. 
368 Harris Ave. 
Providence 1, Rhode Island 


Vacuum Tower 


*FVVF means Full Vision 
Vacuum Feed, that extra margin 
of safety so vital when handling 
chlorine gas. Protect both person- 
nel and plant equipment with 
Builders Chlorinizer. Get FVVF 
... plus the shortest gas flow path 
design offered by any manufac- 
turer... for the SAFEST chlorin- 
ation available. 


Model EVS Chlorinizer offers 
FVVF with “see-thru” compo- 
nents that give visual proof of 
operation and positive evidence 
of effective vacuum. Low initial 
cost results from design simpli- 
city. Eye-level Sightflo Indicator 
(with wide range, linear scale) 
provides easy, accurate reading 
and setting of feed rate. Available 
in 11 standard RATE capacities 
ranging from 4 to 400 lbs. of 
chlorine per 24 hrs. 


Check These Other Features 

Easy Installation 

* Automatic Safety Features 

* Low Maintenance 

* No Chlorine “Ice’’ Problems 

* No Tray Odors 

* 8 to 1 Metering Range 

¢ Accurate within +4% of actual 
feed rate 

* Money-back performance 
guarantee! ! 
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SMALL UNIT SEWAGE TREATMENT 
FOR 20 TO 5,000 PERSONS 
® Low Cost 
® Expandable — by multiple Units 


® Expendable — for Area Planning of Future 
Sewerage Systems 


@ Exclusively successful Standardized Balanced 
Equipment 


® Available in Steel or Concrete Units. 


Wore Thau 150 Vustallatione 
CHICAGO PUMP COMPANY 


Sewage and /ndustrial Waste Equipment 


Subsidiary of Food Machinery 622 Diversey Parkway 
& Chemical Corporation Chicago 14, lilinois 
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SEWAGE AND INDUSTRIAL WASTES 


Dispose of Sewage Sludge 
the Modern Way 


a 


OR DO BOTH IN ANY PROPORTION 


vith a 


versatile C-E Raymond System 


The widespread acceptance of the C-E Raymond System 
is based on its solid advantages. This compact system com- 
bines the principles of Flash Drying and Incineration in a 
unit in which filter cake can be reduced to a sterile ash .. . 
or flash-dried to a salable fertilizer and soil conditioner. 
Revenue from the latter is often sufficient to pay a sub- 
stantial part of plant operating costs. 


Either operation can be performed alone, or combined 
in any desired proportion. Effective high-temperature 
deodorization of stack gases is available for both processes. 


A C-E Raymond System can mean an end to your com- 
munity’s sludge disposal problems .. . as it has in munici- 
palities across the nation. Contact the Combustion office 
nearest you for specific recommendations. A C-E specialist 
will be glad to discuss your requirements and help plan an 
installation with you or your consultants. B-99BA 


COMBUSTION ENGINEERING & 


RAYMOND DIVISION, 1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Avenue, New York 16, N. Y. 
Western Office: 510 West Sixth Street, Los Angeles 14, Cal. 

Canada: Combustion Engineering-Superheater Ltd. 


ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 


| FLASH DRY IT TO A MARKETABLE FERTILIZER... aa 
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FSIWA MEMBER 


Alabama Water and Sewage Assn.* 
ror. R. T. Trnpar, Se Alabama Water and 
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Dr. C. W. Oxrorpn, Sec.-Treas., University of Ar- 
kansas, Fayetteville, Ark 
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Ropert J. Barietta, Sec.-Treas., 719 South Loara 
St., Anaheim, Calif 

Canadian Institute on Sew: age ang Sanits ition 


Dr. A. E. Berry, Se tive Of- 
fice, 72 Grenville St ‘St Canada 


Central States Sewage and Industrial Wastes 
Assn, 
Scott A. Linstey, Sec.-Treas., P. O. Box 3598, 
Childs Rd., St. Paul, Minn 

Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Don C. Katpa, Sec.-Treas., c/o State Dept. of 
Health, Bismarck, N. Dak 


South Dakota Section* 
Cuartes E. Cart, Sec.-Treas., c/o Div. of Sani 
tary Engineering, State Board of Health, Pierre, 


S. Dak 

Federal Sewage Research Assn. 
Sec.-Treas., Public Health Service 
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Ratpu H. Baker, Jr., Sec.-Treas., State Board 
f Health, P. O. Box 210, Jacksonville 1, Fla 
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NW Atlanta, Ga 
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Bonn, Germany 
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W. F. A 
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Kensington, London, S. W. 7 | 
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RNEST V. Batsom, S¢ 118 \ ria St., West 


minster, S. W. 1, London, Englanc 
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IEZER BALASHER, Sec., « echnion, Israel In- 
titute of Technology, P. O. Box 491 Haifa, 
Israel 

Kansas Sewage and Industrial W astes Assn. 
JAMES Sec.-Treas., 407 City Bldg 


Wichita, Kansa 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, Sec.-Treas., 602 
Bldg., Nashville 3, Tenn 
Louisiana Conference on Water Supply and 
Sewerage 
Grorce H. West, Sec.-Treas., P.O. Box 15, Water 
Dept., Lake Charle La 
Maryland-Delaware Water and Sewage Assn.* 
SINGLEY, Se reas., 2411 N. Charles St., 
Baltimore 18, Md 
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Cordell Hull 


D M Prerce, Sec.-Trea i ‘ Dept of 
Health, Rm. 334, Admin. Bldg., Lansing 4, Mich 
Mississippi Sewage and Industrial Wastes 
Assn. 
Rosert A. Gerper, Sec.-Treas., Mississippi State 


Board of Health, Jackson, Miss 


* Sewage and Industrial Wastes Sectior 


ASSOCIATIONS 


Missouri Water and Sewerage Conf.* 
WarREN Kramer, Sec.-Treas., State Office Bldg., 
Fourth Floor, Jefferson City, Mi 


Montana Sewage and Industrial Wastes Assn. 
Harvey W Sec.-Treas Morrison & 
Maierle Inc Helena, Mont 


Nebraska Sewage and Industrial Wastes Assn. 
¥; 3 ECHTENBERG, Se Treas., 614 Standard Oil 
Bldg., Omaha, Nebr 


New England Sewage and Industrial Wastes 
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Eart R. Howarp, Sec.-Treas., Bureau of Public 
Works, 115 Broad St., Hartford, Conn 


New Jersey Sewage and Industrial Wastes 


Micuart S. Kacnorsky, Sec.-Treas., P. O. Box 
68, Manville, N. J 
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Ratpu C. Sweeney, Sec., c/o State Dept. of 


Health, 55 Church St., White Plains, N 


North Carolina Sewage and Industrial Waste 
Assn. 

W. E. Lone, Jr., Sec.-Treas., Box 2091, Raleigh 
N.C 


Ohio Sewage and Industrial Wastes Treatment 
Conf 
CiramMon E. Lay, Sec.-Treas., Rm. 517, 101 N 
High St., Columbus 15, Ohic 


Oklahoma Water, Sewage and Industrial Wastes 


H. M. Crane, Sec.-Treas., 3400 Northeastern 
Oklahoma City 5, Okla 
Pacific Northwest Sewage and Industrial 
Assn. 
H. Dunstan, Sec.-Treas., P. O. Box 176 
Wash 


Pennsylvania Sewage and Industrial Wastes 
Assn. 
J. R. Harvey, Sec.-Treas., c/o Pennsylvania Dept 
of Health, 916 Diamond Meadville Pa 


Puerto Rico Water and Sewage Works Assn. 
Ropert J. Avro, Sec.-Trea » Puerto Rico 
juct and Sewer Service Box 2832, San Juan 


» Rice 


Rocky Mountain Sewage and Industrial Wastes 
Assn. 
uN R. Peterson, Sec.-Treas., 376 City and 
County Bldg., Denver 2, Colo 


South Carolina Water and Sewage Works 
Assn.” 
Wa. G. Crospy, Sec.-Treas., Water Pollution Con- 
trol Authority, Wade Hampton Bldg., Columbia, 
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(Sweden) Fireningen Fir Vattenhygien 
Erik Jonsson, Sec., Box 5038, Stockholm 5, 
Sweden 


(Switzerland) Verband Schweizerischer Abwas- 
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Prerre Sec., 
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Texas Water and Sewage Works Assn.* 
\ Eurers, Sec.-Treas., 2202 Indian Trail, 
Austin, Tex 

Utah Sewage and Industrial Wastes Assn. 
Howarp Hurst, Sec.-Treas., 479 Harvard Ave., 
Salt Lake City 11, Utah 


Virginia Industrial Wastes and Sewage Works 


aan. 
Orval J HANp, Sec.-Treas., Hercules Powder Co 
Hopewell, Va 


West Virginia Sewage and Industrial Wastes 
Assn. 
Gien O. Fortney, Sec.-Treas., State Dept. of 
Health, Charleston 5, W. V: 
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How to select the 
right flow-measuring device 


Selecting the correct device is simply a matter of 
choosing the one that best meets your require- 
ments. The wide variety of Simplex Primary 
Elements makes this selection easy. 

This table shows you which of Simplex’s stand- 
ard elements performs best under various flow 
conditions. (Not shown are Simplex primary de- 
vices of steel or concrete, designed to meet the 
physical limitations on special jobs.) 

SIMPLEX VENTURI TUBES produce a minimum 
head loss—returning 85% to 90% of the differen- 
tial head developed for meter operation. Since 
pressure differentials are measured between the 


FLOW CONDITION 


main and throat sections, the tubes are smooth, 
true in shape and of accurate diameters to pro- 
duce a stable coefficient of discharge. This gives 
you accuracy over wide flow ranges... accuracy 
within +0.3% if required. 

Write for Technical Bulletins. Simplex Valve 
& Meter Co., Dept. SI-i1, 7 East Orange Street, 
Lancaster, Pa. 


SIMPLEX* 


VALVE AND METER COMPANY 
VENTURI TUBES + FLUMES + METERS + GAUGES 
TRANSMITTERS + CONTROLLERS + TABLES + AIR VALVES 


SOLUTION 


NORMAL 
WATER, AIR 
OR GAS FLOWS 


TYPE VT—STANDARD VENTURI TUBES 


Cast iron with bronze bushed main piezom- 
eter holes and bronze throat liner. Flanged, 
bell or spigot ends. Inspection opening at 
throat. Special metals for high pressures 
or caustic liquors, corrosive gases, brines, 
etc. BULLETIN 005 


NORMAL 
WATER, AIR 
OR GAS FLOWS 


TYPE TG—INSERT TUBES AND NOZZLES 
Withstand high pressures. Fit inside exist- 
ing lines... permitting light construction. 
This, plus short length, cuts costs. 
BULLETIN 100 


SMALL FLOWS 
OF WATER, GASES 
CORROSIVE FLUIDS 


TYPE TF—MINIATURE VENTURI TUBES 


Machining to .0005” assures accuracy. Main 
diameters as low as %”; throat diameters 
down to .1”. Welded stainless steel models 
for high pressures. BROCHURE 


NORMAL 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE VTJ—SINGLE TAP VENTURI TUBES 


Single taps at main and throat have bayo- 
net-type valve for fast cleaning. Absence of 
pressure belts prevents clogging. Inspection 
opening at throat. BULLETIN 005 


NORMAL 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE VS—FOUR TAP VENTURI TUBES 


Four cleaning valves at main and throat 
can be operated manually, by air, or hy- 
draulically to keep piezometer holes clear 
for top accuracy. Two hand holes on each 
pressure belt and inspection opening at 
throat. BULLETIN 005 


LOW-VELOCITY 
SEWAGE, 
HEAVY WASTES 


TYPE VE—ELLIPTICAL VENTURI TUBES 


Developed specifically to accurately meas- 
ure low-velocity sewage, sludge and heavy 
trade wastes—under low pressures. Flat top 
prevents air binding. Flat bottom is self- 
scouring. Inspection opening at throat. 
BROCHURE 


LOW-HEAD 
SEWAGE, SLUDGE, 
TRADE WASTES 


TYPE S—PARABOLIC FLUMES 


Full 20:1 range for open flows. Accuracy 
+2. Flanged, bell or spigot inlet for 6 to 
36” lines. Integral sediment trap, piezom- 
eter reamer, gauge glass, direct-reading 
flow scale. BULLETIN 801 
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MEMBER ASSOCIATION MEETINGS 


Association 


Nebraska Sewage and Industrial Wastes 
Assn, 


North Carolina Sewage and Industrial Waste 
Assn. 


Florida Sewage and Industrial Wastes Assn. 


South Carolina Water and Sewage Works 
Assn. 
Oklahoma Water, Sewage and _ Industrial 


Wastes Conf. 


New York Sewage and Industrial Wastes 
Assn, 


New Jersey Sewage and Industrial Wastes 
Assn. 


Montana Sewage and Industrial Wastes Assn. 


Place 


Clark Hotel 
Hastings, Nebr. 


Sir Walter Hotel 
tuleigh, N. C. 


Roosevelt Hotel 


Jacksonville, Fla. 


Hotel Jefferson 
Columbia, 8. C. 


A. & M. College 
Stillwater, Okla. 


Hotel Belmont Plaza 
New York City, N. Y. 


Traymore Hotel 


Atlantie City, N. 


Florence Hotel 
Helena, Mont. 


Time 
Nov. 7-8, 1957 
Novy. 11-13, 1957 
Nov. 11-13, 1957 
Nov. 15, 1957 
Nov. 18-22 
Jan, 22-24, 1958 
Mar. 12-14, 1958 
Mar. 20-22, 1958 


THIRTY-FIRST ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 

in conjunction with 

Michigan Sewage and Industrial Wastes Association 
Sheraton-Cadillac Hotel, Detroit, Michigan 


October 6-9, 1958 
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designed to solve... 


INFILCO’S experience in solving 
industrial waste disposal prob- 
lems through the application of 

activated sludge equipment is 
available to you today, at no 
obligation. Write for details. 


The one compony 
offering equipment 
for all types of 
woter and waste 
treatment— 
coagulation, 
precipitation, 
sedimentation 


filtration, flotation, 
oeration, ion 
exchange ond 
biological processes 


BIOLOGICAL TREATMENT OF INDUSTRIAL WASTES 
with activated sludge is not new with INFitco, 
an organization long considered a leader in the 
development of activated sludge processes 

and equipment. 

Many installations treating vegetable canning, 
refinery, pulp, paper and a variety of other organic 
wastes, are in successful operation because 
InFILCco pioneered methods and equipment to 
adapt activated sludge treatment to the 

needs of industry's ever-increasing waste problem. 


INFILCO INC. 


921 South Campbell Avenue, Tucson, Arizona 
Offices in principal cities in North America $522-0 
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can’t quench his thirst! 


Over 70 billion gallons daily industry's need for water 


And, like Oliver Twist, industry constantly calls for “More.” 
18 barrels of water to make one of oil. 365,000 gallons 

to produce a ton of rayon. 250 tons for one of wood pulp. 
And every ton of coal we burn for steam and power requires 


another 600 to a thousand tons of water! 
Not hard to understand why water officials are worried about 
our supply. Here's what you can do to protect it 

1. Encourage future water planning. 


2. Support realistic water rates and water supply 
bond issues. 


3. Conserve water where you can. 


America ix no longer rich in water 


CAST IRON PIPE 


PROOF POSITIVE 
CAST IRON PIPE SAVES 
YOU TAX DOLLARS 


Still im services this cost irom main laid 
in N.Y. in 1849 still piping 
water. This is typical of mony century 


ond economy ore “musts,” 
water official: prefer cost iron pipe 
Ne. | Tex Sever! 


RESEARCH ASSOCIATION x co SUITE 3440. PRUDENTIAL PLAZA, CHICAGO 1, ILL 


MODERNIZED 


ite 
5 serving through Amernce 
Small wonder thet where long life 
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YOUR PROBLEM GROWS 
WITH YOUR COMMUNITY 


As people and industry move into a community, water 


problems multiply. 


Cast tron Pipe Research Association advertisements*... like 
the one at left... not only tell what those problems are, 


they suggest a course of public action. 


Action that will help you by enlisting greater public sympathy 


and support for your water program. 


Cast tron Pipe Research Associction, Thos. F. Wolfe, 
Managing Director, Suite 3440, Prudential Plaza, Chicago 1, Ill 


* Appearing in: Saturday Evening Post, 
U.S. News & World Report, Nation's Business. 


rm | FOR MODERN WATER WORKS 
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Here’s why Wheeler-Economy Pumps you buy now 


Wheeler's Pump Test Laboratory 
is one of the largest and 
best-equipped inthe world! 
Every Wheeler-Economy 
Pump must pass exhaus- 
tive tests here before it’s 
shipped to a customer. 


Precision venturi meters and weirs 
are used to accurately 
measure pump perform- 
ance. Typical Circulator 
shown here pumps 46,000 
gallons per minute, weighs 
50 tons when filled. 


An indoor ocean which holds 
thousands of gallons of wa- 
ter tests performance of 
pumps with capacities of 
from 10 to over 200,000 
gallons per minute, and 
with total heads to 750 ft. 


may still be operating efficiently in 1982! 


This is one of many Wheeler- 
Economy Pumps still oper- 
ating efficiently after 25 
years’ service—without re- 
placement of major parts! 
Thorough testing is one of 
the many good reasons. 


A unique part of our facilities 
is channel model testing— 
scale-model construction 
of complete water intake 
tunnel structures to study 
all flow characteristics 
prior to pump sale. 


Another advantage Wheeler's 
Test Laboratory offers is 
the more rapid develop- 
mentof new pump designs. 
You can depend onWheeler- 
Economy to be first with 
the newest pumps! 


Economy Pump Division 


C. H. Wheeler Mfg. Co. 


19TH & LEHIGH AVENUE 


Philadelphia 32, Pennsylvania 


Centrifugal, Axial and Mixed Flow Pumps * Steam Condensers * Vacuum Equipment » Marine Auxiliary Machinery » Nuclear Products 
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r every job 


2wa's complete line of 
es for treatment plants — 
assures you of : 


maintenance cost, and 
replacement parts when 
veeded in years to come. 


IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 
strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 
required. 


1OWA SHEAR GATES—either all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 


For 45 years a reliable source for 
precision engineered products 


1OWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


FLAP VALVES—al! 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


169a 


MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


White Topay {or durenifitine 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


1OWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


IOWA. wae company 


A Subsutiary of 
James B. Clow & Sons 


Oskaloosa, lowa 


Speci 
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Figure 1—Aeration gallery, showing Bailey 
Meters which measure the aerated sewage, air, 
and return sludge. 


eo 


Figure 2—Bailey Electronic Flow Totalizers sum 
up total sewage, air, and sludge flows measured 
at individual gallery stations, showing ata 
glance the plant's performance. 


Havens & Emerson—Consulting Engineers 


FLOW TOTALIZATION - at 
Southerly SewageTreatment Plant 


Instantaneous plant performance and operating trends are continuously available 
to supervisors and operators through Bailey's Electronic Flow Totalizer. 

The new 32 MGD addition to the Southerly Sewage Treatment Plant, Cleveland, 
Ohio is equipped with Bailey Flow Meters, Integrators, Indicators, and Recorders. 

Complete instrumentation and automatic controls for sewage and industrial waste 
treatment plants are engineered and manufactured by Bailey to meet the most rigid 
requirements of any size plant. 

If you are planning new construction, a Bailey Application Engineer will be pleased 
to help you lay out your instrument and control requirements. MU-26 


WATER & WASTE TREATMENT DIVISION 6A LF 


BAILEY METER COMPANY 


1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO METERS 
In Canada—Bailey Meter Company Limited, Montreal 
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SMOOTH FLOW 
EPS COSTS LOW! 


YOUR CITY SAVES 
ON MAINTENANCE COSTS 
FOR YEARS TO COME WITH 
CONCRETE PRESSURE PIPE! 


Because of its great resistance to corrosion and tuberculation, dependable Con- 
crete Pressure Pipe gives your city extra years of trouble-free service, gives 
impressive dollar savings on maintenance costs throughout its unusually long 
life span. 

You save money for your city —from the trench to the pump—when you choose 
Concrete Pressure Pipe, with easy-fitting Rubber Gasket Joints. Specify it and 
get these “4 big savings” built into every piece of low-cost, long-lasting Concrete 
Pressure Pipe. 

1. YOU SAVE ON FIRST COSTS —The variety of designs available in Concrete 
Pressure Pipe makes it possible to choose the most economical design which 
will serve with maximum efficiency under the specified operating conditions 
required of the line. 

2. YOU SAVE ON INSTALLATION COSTS —With Rubber Gasket Joints, 
there’s no caulking, bolting or welding needed. You can have minimum width 
trenches and immediate backfilling. 

3. YOU SAVE ON MAINTENANCE COSTS — Durable Concrete Pressure Pipe 
has an experience record of almost complete freedom from corrosion and tuber- 
culation. Elastic design virtually eliminates possibility of bursting—even under 
conditions of extreme surge and water hammer. 

4. YOU SAVE ON OPERATING COSTS — Freedom from tuberculation insures 
a high sustained carrying capacity. No spiralling pumping costs and no reduced 
pressures. 


In the main—the trend is to concrete! 


AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
228 North LaSalle Street * Chicago 1, Illinois 
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Johnson Well Screen of Everdur 
being lowered into the new 4-mgd well 
at Plymouth, Mich. 


Big screen of EVERDUR 
serves new 4,000,000-gallon 
well in Plymouth, Mich. 


In developing a new source of water to meet 
growing community needs, Plymouth, Mich., 
more than doubled the capacity of its water 
system with a single well capable of provid- 
ing 4,032,000 gallons per day. 

The new well is 110 feet deep, has an 18- 
inch casing, and a Johnson Everdur Well 
Screen 1614” in diameter by 32’, 114" long. 
Edward E. Johnson, Inc., St. Paul, Minn., 
fabricates tough, corrosion-resistant well 
screens from specially shaped Everdur 
wire and rod by a unique automatic weld- 
ing method. Johnson welded Everdur screens 
have proved their durability by years of serv- 
ice in large-capacity wells. 


@ Everdur* resists corrosion. Sewage-treat- 
ment and waterworks equipment of Everdur 
has been in service without replacement for 
20 years and longer. 


@ Everdur is tough. Everdur also possesses 
high mechanical strength and resistance to 
wear and abrasion—so that engineers can de- 
sign light-weight, wrought-metal equipment. 


@ Everdur is readily fabricated. Alloys are 
available for hot or cold working, welding, 
free machining, forging, and casting — and 
can be obtained in plates, sheets, rods, bars, 
wire, tubes, electrical conduit, and casting 
ingots. 


@ Write for Publication E-11, “Everdur 
Copper-Silicon Alloys for Sewage Treatment 
and Waterworks Equipment”—or for techni- 
cal help in selecting the correct material for 
your job. Address: The American Brass 
Company, Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New Tor- 
onto, Ont. 


*Reg. U. S. Pat. 571382 


EVE RD lJ R Anaconda’s Family of Copper-Silicon Alloys 


STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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SEWAGE 


AND INDUSTRIAL WASTES 


YEOMANS MANUFACTURES THE 


MOST COMPLETE LINE OF 
APPLICATION-DESIGNED 
SEWAGE TREATMENT EQUIPMENT 


which includes. . 


. SPIRAFLO CLARIFIER for both primary and 
final clarification of domestic and process wastes. 
A clarifier of radically different design, the Spirafio 
offers complete settleable solids removal; greater 
removal of finely divided particles; positive grease, 
scum oil removal; uniform velocity throughout 
tank; and straight wall design which reduces con- 
struction costs. 


. the WATER-WHEEL, a rotary distributor used 
with trickling filter systems in the secondary treat- 
ment of sewage. An exceptionally rugged, yet 
simple piece of equipment, the Water-wheel pro- 
vides uniform distribution over the entire filter bed 
at all flow rates . . even the lowest. Costly acces- 
sories such as underground feed pipe, dosing 
chamber with siphon, center support, and mercury 
seal are not required. 


.. the CAVITATOR, a newly developed Yeomans 
unit for low cost treatment of both domestic sewage 
and industrial wastes. Perfectly suited for small 
communities, subdivisions, motels, resorts, schools 
and industrial plants, the Cavitator has excellent 
purification efficiency, extremely high oxygen trans- 
fer efficiency, and extremely low air requirements 
per pound of B.O.D. removed. 


.- YEOMANS ROTARY DISTRIBUTORS (both 
standard rate and high capacity). Standard rate 
units distribute evenly across the entire filter bed 

. adjustable nozzles produce fine, well-aerated 
spray which carries down high volumes of oxygen. 
For high capacity filters both the Yeomans high 
capacity type distributor, and the Aero-Filter system 
are avilable. 


Use this coupon to request any or all of the following technical bulletins: 


(CO the Cavitator, 12 page booklet 


(CJ Yeomans Spirafio Clarifier, bulletin 6791 name 


company. 
(0 Water-wheel, catalog 6555 
street. . 
(C0 Yeomans Rotary Distributors, bulletin 6504 
. also manual 6000 city. . zone... state 


YEOMANS 1999-7 N. Ruby Street 


Melrose Park, Illinois 


manufacturers of : distributors e clarifiers e mechanical aerators « pneumatic sewage ejectors e digesters e 


centrifugal pumps 
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Transite” for 
more economical, 
tighter sewerage systems... 


Wueruer a new sewerage system is 
being planned or additions to an existing 
one are being made. . . engineer and 
contractor alike will find a combination 
of qualities in performance-proved Trans- 
ite Sewer Pipe that will fit their indi- 
vidual needs. They will find this holds 
true whether the local conditions call for 
(a) tight joints to protect against root 
growth and infiltration of ground water 
or (b) the strength and flow characteris- 
tics that mean definite savings in the 
design stage, during trenching and in- 
stallation, and in operation as well. 

For further information about Transite 
Sewer Pipe, write for Booklet TR-165A, 
Johns-Manville, Box 14, N. Y. 16, N. Y. 


le| TRANSITE SEWER PIPE 
with the RING-TITE® Coupling 
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Chapman 


SEWAGE AND INDUSTRIAL WASTES 


Made to Fit 


..- Including Your Budget 


Sluice 
Gates 


No matter what your requirements are, installations, in every case, are 
easy with Chapman Standard Sluice Gates. The reasons are soon obvious. 

All component parts . . . discs, guides, hooks and wedges. . . in more 
than 300 available types and sizes are standardized. That means they’re 
interchangeable. Regardless of your specifications, you always get a 
quick perfect fit. There’s nothing hit or miss about it. No expensive, time 
consuming match-marking. No extensive field alterations. You get a 
quick, perfect fit at lowest possible cost. 

Even after installation, your savings never stop. These standardized, 
interchangeable parts are easily replaced. Your maintenance cost for 
keeping your sluice gates in excellent working order is low, the lowest 
possible. 

This applies to all Chapman Standard Sluice Gates. . . for high or low 
head, seating or unseating pressures, large or small water areas... with 
manual, hydraulic or electric motor operation. All available in the fastest 
possible time. 

If you don’t have a copy of our Catalog 25-A readily on hand, write 
for a new fresh copy. 


The CHAPMAN Valve Manufacturing Co. 
INDIAN ORCHARD, MASSACHUSETTS 


PE FICATION S 
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CLAY PIPE 
SPECIFIED Architects-Engineers : Skidmore, Owings and Merrill. 
for Sanitary Sewers in the New 1.5 Pumbing ond Hoot 


ing Corp., El Paso, Tex. 
Job Manager: William Klaus. 


Pipe Installation: Moose Pipeline Construction Co, 
Lubbock, Tex. 


t 
See COLORADO SPRINGS, COLO. The sani- 
tary sewer installation at the new ““West 
Point of the Air’ calls for nearly 10 
miles of pipe—-and Vitrified Clay is in 
the specifications for the entire system. 
When building for the future, quality 
and permanence are the top considera- 
tions. That’s why large important pro- 
jects call for Clay Pipe. When Vitrified 
Clay goes in, it is a well accepted fact 
the pipe wil: last. It is the only pipe 
that’s absolutely safe against all forms 
of chemical deterioration. It does not 
rust; sewer gases do not corrode it; 
acids and alkalies do not soften it. And 
for final proof of quality, Clay Pipe is 
sold with a written guarantee—a vote 
of confidence matched by no other 
pipe manufacturers. The next time you 
plan and install new sewerage lines, 
specify Vitrified Clay. It never wears out. 


NATIONAL CLAY PIPE 
MANUFACTURERS, INC. 
1820 N Street, N.W.,Washington 6, D.C. 
ATLANTA 3, GA. 206 Mark Building a THE PUBLIC “*-, 


CHICAGO 2, ILL. KMOWS 


Room 2100, 100 N. LaSalle Street ‘nol 
COLUMBUS 15, OHIO +, CLAY PIPE IS BEST | 


311 High Long Bldg., 5 E.Long Street 


LOS ANGELES 15, CAL. 
703 Ninth & Hill Building 


C-157-1A 
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COMPLETE EQUIPMENT 
to do the complete job! 
PROVIDES CONSTANT OPTIMUM VELOCITY k | 


POSITIVE ADJUSTMENT FOR VARYING FLOWS 
HYDRO-DYNAMIC WASHING 
AUTOMATIC DRAINING AND REMOVAL 


FLOW CONTROLS-~ exclusive HYDROWASH UNIT— washes 


Camp Channel Section and Regula- grit free of organic matter by produc- 
tor* maintain constant optimum ing a turbulent downflow recircula- 
velocity for effective grit settling, tion and agitation of liquor’ in grit 


regardless of rate of flow through hopper. Organics returned to hopper. 
plant. Velocity can be easily and 

instantly adjusted to meet changing ELEVATOR- totally enclosed, tube 
conditions. Minimum head loss. type, for slow and continuous re- 

“Patented moval of washed grit from the hop- 

CONVEYOR — single strand, con- per. Grit drains as it is being elevated 
tinuous drag type. Flights carry the through the tube. 

settled grit from channel bottom to 

hopper for washing and removal. Write for Bulletin No. 249B 


Technical Supplement 

| AMERICAN-WELL WORKS 
plete design data on the 

AMERICAN CAMP GRIT ond 
CHANNEL and REGULA- 110 North Broadway \ atta Purification Equipment 
TOR, is available on request AURORA, ILLINOIS RESEARCH - ENGINEERING - MANUFACTURING 


with Bulletin 249B. Offices: Chieage + Mew York Cleveland Cincimnati Konsas City + Soles Representatives throughow the World 
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LUBRICATED 
PLUG VALVES 


SUperior perf 


~ 


| Plug Valve 
Plant. 


1 Meter Room 


os 


acf Lubricatee 


j Sewage Dispos 


Study this list of design and operating advan- 
tages and you will see why ac¢ Lubricated 
Plug Valves are meeting the requirements of 
thousands of plants throughout the nation. 
acf Valves permit your piping system to 
handle fluids with maximum efficiency at 
minimum cost in time, labor and_ power. 
Protected seating and sealing surfaces, leak- 
proof head seal, non-wedging plug reduce 
“down time” and maintenance to a minimum. 
For higher efficiency—longer life—lower cost 
specify ace Lubricated Plug Valves. 
acf Valves are available in semi-steel, carbon 
steel, bronze and aluminum. 
Sizes: to 24”. 
Pressures: semi-steel; 175 lbs. WOG to 500 
lbs. WOG. 
Carbon steel: ASA 150 and ASA 300. 
Representatives in all principal cities. 


Ask your Industrial or Mill Supply Distribu- 
tor for ace Valves. 


manuracturers oF ob WK Mt GATE VALVES Ri QC LUBRICATED PLUG VALVES “4 KEY-KAST ALLOY STEEL PIPING FITTINGS iy KEY RETURN BENDS AND FITTINGS 
\ 


Wide Port—Maximum Flow 
Efficiency 

Full Pipe Area 

Patented Head Gasket made 
of tough self-lubricating 
Teflon* 

Perfectly lubricated (gun or 
stick) 


Tight against head leaks 


under any line pressure 
Minimum number of parts 


Lubricant protects against 
wear and corrosion 


No exposed seating surfaces 
Quick opening 
Installed in any position 


Compact: fits into small space; 
gate valve face-to-face dimen- 
sions where needed 


Non-wedging cylindrical plug 
provides easy operation 


Easily dismantled for repairs 


Lubricant release to prevent 
contamination 


“DuPont's tetrafivoroethyiene resin 


W-K-NI 


owision or C 


PLANT, missouR! CITY, TEXAS 
MAILING ADDRESS. P.O LOK 2117, HOUSTON, TEXAS 


Wrile Dept"Q-11 for new"ACF 
Valve Catalog 400. 


,gons | 
re 
Ww 

5S. 
: 


SEWAGE AND INDUSTRIAL WASTES 


CLEAR CHOICE 


in Coagulants 


GENERAL CHEMICAL Alum 


Fact: most water and sewage treat- 
ment officials prefer General Chem- 
ical Aluminum Sulfate. Reason: 
they know they can depend on 
General Chemical for alum of un- 
varying quality and uniformity .. . 
for prompt, on-the-dot delivery. 


There are 25 General Chemical 
producing works strategically lo- 
cated across the country to assure 
you of dependable service any- 
where, anytime! Even in emergen- 
cies, you can always count on 
General. 


Basic Chemicals 
for 

American 
Industry 


CLEAR CHOICE FOR WATER TREATMENT 


@ Produces crystal clear water 

@ Gives better floc formation 

@ Promotes better settling and longer filter runs 
@ Aids in reduction of tastes and odors 

@ Has no chlorine demand 

@ Is a low-cost coagulant 

®@ Superior in tests against other gul 


®@ High in quality, its constant uniformity can 
be depended upon 


CLEAR CHOICE FOR SEWAGE TREATMENT 


® Clean, easy to handle 

@ Dry feeds well or dissolves readily for 
solution feeding; liquid alum also available 
in many areas 


® Clear, colorless effluents are possible 


®@ Simple application. Requires only low-cost 
feeding apparatus and minimum attention 


®@ Sludge digests readily 


@ Treated digested sludge dries quickly with a 
minimum of odor 


®@ Chlorine consumption is cut, due to lower 
demand of clarified sewage 


@ Economical to use 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Offices Albany + Atlanta + Baltimore + Birmingham - Boston - Bridgeport - Buffalo + Charlotte - Chicago 
Cleveland « Denver + Detroit « Houston + Jacksonville - Kalamazoo - Los Angeles + Milwaukee + Minneapolis 
New York + Philadelphia - Pittsburgh + Providence - Louls + San Francisco + Seattle - Kennewick and 
Yakima (Washington). Im Canada: The Nichols Chemical Company, Limited ~- Montreal - Toronto - Vancouver 
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INFLUENT enters parallel channels. 
Thru-Clean bar screen (background), 
mounted in each channel, removes 
trash and debris. Link-Belt roller 
chain drives each screen through a 
gearmotor. Inorganic matter such as 
grit, sand and gravel is removed from 
the sewage aS it passes through the 
grit chambers (foreground): Each grit 
collector consists of a strand of 6-in 
pitch combination chain with %-in. 
steel angle flights attached every § ft. 


EFFLUENT end of settling compart- 
ment of pre-aeration settling tanks 
shows Link-Belt Promal chain and 
redwood flights used on Link-Belt 
Straightline longitudinal sludge col- 
lectors. Flights, mounted every 10 
feet, travel at 2 feet per minute 
Flights collect sludge from both set 
tling and pre-aeration compartments 
The combination of pre-aeration and 
settling results in a removal of 70-80 
per cent of suspended solids. Weirs at 
far end of compartment discharge 
effluent to outfall sewer to river. 


How Link-Belt equipment is helping Henderson, Kentucky, 


halt river pollution 


Com RATING with the Ohio River Valley Water Sanitation 
Commission, Henderson, Ky., has recently completed an 
efficient treatment plant to eliminate dumping of raw sewage into 


the Ohio River. Consulting engineers were J. Stephen Watkins I. mn 
and Robert E. Martin of Lexington and Louisville. r :j:— 
As in so many other municipalities, Link-Belt equipment was rg 


specified for an important share of the work. Units include Thru- 


Clean mechanically cleaned bar screens . . . Straightline grit SANITARY ENGINEERING EQUIPMENT 
collectors . . . grit washing and dewatering screens . . . Straight- 
line longitudinal and cross sludge collectors. LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chi- 


cago 1. To Serve Industry There Are Link-Belt Plants and 
This equipment is part of the broad Link-Belt line. Our sanitary Sales Offices in All Principal Cities. Export Office, New York 
ne ists —- 7; Canada, Scarboro (Toronto 13); Australia, Marrickville 
engineers will work with your consultants and chemists—help you 
get the best in water, sewage or waste treatment. Throughout the World. 1470 


/ 
| 
mit 
- 
1 
oy 


482a SEWAGE AND INDUSTRIAL WASTES 


No! 


*This plant wos designed 
by Henry W. Taylor, 
Freeport, N. Y 


Serving some 450,000 people, this plant provides an excel- 
lent example of the way larger communities are handling 
their refuse problems. Land-filling can no longer be tolerated 
in the suburban areas and should not be tolerated anywhere 
Yet, there's no need to have an incinerator plant that's offen- 
sive to the nose and eye. Modern design and modern opera- 
tion take care of the nuisance factors. 


For this Hempstead plant, we furnished four Morse Boulger 
Mechanically Stoked Furnaces for handling up to 700 tons of 
refuse per 24 hours. Waste heat boilers recover much of the 
heat and provide steam for two 1000 kw. turbo-generators. 
Our engineers also furnished the crane charging equipment, 
stacks, fly ash removal unit and ash removal conveyor. 


What we did to help in this Hempstead project we can do 
to help you...working with your sanitation engineer or your 
consulting engineer. The point to keep in mind is that your 
community, too, can have clean, efficient, nuisance-free 
refuse disposal in a modern incineration plant such as this 
Morse Boulger plant. 


MORSE BOULGER DESTRUCTOR Co. 


DEPT. E-80 FIFTH AVENUE NEW YORK II, N. Y. 
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.-A New Concept in Measuring Flow 


\ Through Parshall Flumes 


BURGESS -MANNING 


Completely chiminates 


@ Excavation of dry well foun- a 
dation. 


@ Concrete dry well foundation 
and walls. 


® Metal float well and cover. ‘ 


@ Connecting telltale piping, 
valves and fittings between 
Parshall Flume and float well. 


@ Float cable and protecting 
piping. 


@ Clear water piping and fit- * 
tings for back-purge system. 


@ Metal grating to cover dry 
well. 


Think of the savings! 


Write for Burgess-Manning “ML” Meter Bulletin 


BURGESS-MANNING COMPANY 
Penn Instruments Division 


4122 Haverford Ave., Philadelphia 4, Pennsylvania 


Instrumentation and Controls 
for water, steam, gases, sewage and industrial wastes * 


NOTHING ELSE LIKE IT! 
i... 
Think of the elimination of, macntaince 
{ 
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NEW DEVELOPMENTS IN SEWAGE TREATMENT 


P.F.T. announces the first major advance 
in fine media diffusers in 10 years—new cir- 
cular holders with carborundum plates. 
Plates are quickly installed or replaced 
by hand. A single bolt and wing nut holds 
the entire assembly securely in place. Pro- 
vides a positive seal against air leakage 
around the plates. 

The new P.F.T. circular plate holders are 
made from a special non-hydroscopic asbes- 
tos and asphalt compound. This inert mate- 
rial is not affected by alkaline or acid often 
present in sewage. Ends rust and locking 
problems. 

At the option of the designing engineer, 
the air diffusion assemblies may be arranged 
for servicing without dewatering or remov- 
ing the aeration tanks from service. 

In the P.F.T.-Kraus Dual Aeration Sys- 
tem, operating with the P.F.T. orifice-valve 


PORT CHESTER, N. ¥. @ SAN MATEO, CALIF. 


@ CHARLOTTE. N.C 


Totally new aeration plate holders 
improve any activated sludge process 


for distributed air, and the P.F.T.-Kraus 
Interchange process, these holders provide 
the most economical and efficient activated 
sludge process available today. They can 
also be used to advantage in any aeration 
system using air from blowers. Write for ap- 
plication details to fit your design, or for the 
technical study, Dual Aeration as a Rugged 
Activated Sludge Process, by L. S. Kraus. 


waste treatment equipment 
exclusively since 1893 
PACIFIC FLUSH TANK CO, 
4241 Ravenswood Avenue 
Chicago 13, Illinois 


JACKSONVILLE @ DENVER 
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DORRCLONE Wi 
TO 
SECONDARY 
TREATMENT 
| 

Yo) GRIT DISCHARGE 

F.P. CLASSIFIER 


TO PRIMARY CLARIFIER 
Above: Flowsheet showing DorrClone 
used for degritting primary clarifier 
underflow 

Below: “FR” DorrClone-FP Classifier com- 
bination at San Luis Obispo, California. 
Degritting raw sewage prior to primary 
clarifier. 


Proven for many years in a wide range of industrial and chemi- 
cal processing applications, the DorrClone Classifier has now 
been adapted to the sewage treatment field for removing grit 

from raw sewage and settled sludge 


THE 
DORRCLONE 
CLASSIFIER 


for degritting 
sewage 


Essentially, the DorrClone is a compact cylindro-conical classifi- 
cation unit utilizing centrifugal force in place of gravity. In opera- 
tion feed enters near the base of the cone tangentially, causing a 
vortex movement. Centrifugal forces throw the grit to the walls of 
the cone, where they collect, pass toward the apex, and discharge 
out of the unit through the apex opening or valve. The lighter grit-free 
sewage and sludge move to the inner spiral of the vortex where they 
are displaced into the vortex finder or overflow opening 


Full scale installations have proven that this unit is applicable to the 
degritting of raw sewage prior to primary sedimentation; the degritting of 
primary clarifier underflow prior to Densludge Thickening; and the washing 
of Detritor Collecting Tank discharge 
For more information on the new sewage applications of the DorrClone, write 
for a copy of Bulletin No. 2508 — just off the press — Dorr-Oliver Incorporated, 
Stamford, Connecticut 


DorrClone, Densludge, Detritor T.M. Reg. U. S. Pat. OF 


DRLD=WIDE RESEARCH ENGINEERING «EQUIPMENT | 


| 
THICKENER 
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Sewage Works 


SEWAGE TREATMENT ON PUBLIC WATER SUPPLY 
WATERSHEDS—A SYMPOSIUM * 


I. SANITARY CONTROL 


By BENJAMIN C. NESIN 


Director of Laboratories, New York City Department of Water Supply, Gas and Electricity, 
New York, N. Y. 


The control, treatment, and abate- 
ment of sewage and wastes on New 
York City watersheds is an integral 
part of quality management related to 
the municipal water supply system. 
The program of sanitation control is 
based on considerable experience and 
the realities involved in applying de- 
partmental regulations concerned with 
the protection of sources of supply 
from contamination. The Department 
of Water Supply, Gas, and Electricity 
exercises authority to review and pass 
on situations or activities which may in 
some manner be concerned with con- 
tamination of the sources of water sup- 
ply. This jurisdiction extends to the 
activities of property owners, the dis- 
posal of sewage and wastes from vari- 
ous sources, and the influence of com- 
mercial and industrial operations which 
may give rise to pollutional situations. 


General Details of Sewage Disposal 

The vital role of sewage treatment 
in such a program is readily appreci- 
ated. At the present time the City of 
New York owns and operates 9 water- 
In ad- 
dition, it exercises control over a num- 
ber of plants associated with institu- 
tions, and certain private and public 
The total number of 
plants is about 15. 


shed sewage treatment plants. 


enterprises. 


* Presented at the Spring Meeting, New 
York Sewage and Industrial Wastes Assn.; 
Lake Placid, N. Y.; June 17-18, 1957. 


The average flow delivered to these 
respective plants varies from as little 
as 10,000 g.p.d. to as much as 750,000 
g.p.d. The population served by indi- 
vidual plants varies from as little as 75 
to as much as 6,000. In some areas a 
considerable increase in summer popu- 
lation occurs. In certain communities 
the increase in population during the 
summer may be 5- to 6-fold. It may be 
estimated that the permanent popula- 
tion served by these plants numbers 
about 14,000, and the summer popula- 
tion about 22,000. The total average 
volume of sewage treated amounts to 
about 2 m.g.d. Similarly the minimum 
average flow may be estimated at 
slightly more than 1 m.g.d., and peak 
flows at almost 12 m.g.d. These flow 
values indicate an average per capita 
sewage flow of 143 gal., a value indica- 
tive of a considerable amount of ex- 
traneous infiltration. Similarly it may 
be considered that the average B.O.D. 
of the raw sewage is about 185 p.p.m. 
and the suspended solids about 200 
p.p.m. 


Types of Plants 

Existing sewage treatment plants on 
the watersheds vary in design from 
the simplest system, such as a septic 
tank and tile field installation, to the 
most modern type treatment works 
which utilize complete treatment and 
automatic controls. Most of the plants 


also incorporate sand filters or tile 
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fields. With few exceptions, chlorina- 
tion of the final effluent is common to 
all. A study by the Laboratory Di- 
vision in 1947 on the operation of these 
plants came to certain conclusions 
which presently are used as criteria for 
qualifying the operation and design of 
the watershed sewage treatment plants. 
Among the conclusions pertinent to the 
present discussion are the following: 


1. The ideal plant for sewage dis- 
posal on watersheds is one that incor- 
porates efficient primary and secondary 
treatment plus sand filtration and chlo- 
rination of the final effluent. It is as- 
sumed that the design factors are those 
specified by the New York State De- 
partment of Health, and that operation 
and control are in competent hands. 

2. Premised upon the operation of 
these plants, and others of lesser quali- 
fication, the removal of B.O.D. in the 
final effluent should reflect a 95 per cent 
efficiency or better. Suspended solids 
should not exceed 10 p.p.m., and 90 per 
cent of the final effluent samples should 
be free of coliforms. 

3. It is recognized that such results 
can be achieved only through the use 
of the sand filter or its equivalent, and 
chlorination. It is also assumed that 
chlorination is controlled and main- 
tained in a manner which will ordi- 
narily assure better than 90 per cent 
coliform-free samples. 

4. Other conditions which are neces- 
sary to assure satisfactory effluents re- 
quire that the discharge of industrial 
or other wastes be limited, and waste 
containing objectionable materials not 
likely to be removed or rendered suf- 
ficiently innocuous through treatment 
be barred from discharge on the water- 


sheds. 


Evaluation of Plant Performance 


The preceding criteria have been use- 
ful in judging and controlling the op- 
eration of the watershed plants and 
those subject to Department supervi- 
sion. This does not mean that the 
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plant must necessarily be designed 
along formal ideal lines. The actuali- 
ties of performance may be paramount 
in certain circumstances. 

Kor example, the old Montefiore 
Ilome plant (presently Hillcrest Home) 
bears no resemblance to any modern 
conception of a sewage treatment plant. 
Ilowever, its performance is adequate 
to meet the requirements. An examina- 
tion of its performance during the past 
five years reveals that the effluent 
B.O.D. averaged 1.2 p.p.m., the average 
suspended solids was less than 7 p.p.m., 
and 94 per cent of the final effluent 
samples were coliform free. Similarly 
the effluent from the Westfield State 
Karms treatment plant for the past 
five years has had an average 5-day 
>.O.D. of 2.1 p.p.m., an average sus- 
pended solids content of 2.2. p.p.m., 
and virtually 100 per cent coliform- 
free samples. 

The Mt. Kisco sewage treatment 
plant is the major treatment plant op- 
erated by the Department of Water 
Supply, Gas, and Electricity, and has 
for many years produced excellent re- 
sults well within the criteria previously 
stated. However, in recent years the 
sand filters have been allowed to de- 
teriorate because of certain deficiencies 
in maintenance, but mainly due to the 
fact that plans have been underway for 
some time to transfer the sewage to a 
county sewer system and thereby com- 
pletely remove the waste from the 
watershed. 

During the past five years the B.O.D. 
in the final effluent has increased con- 
siderably over the 5 p.p.m. criteria, and 
similarly suspended solids content has 
increased. However, due to the excel- 
lent control of chlorination, 96 per cent 
of the samples remained free of coli- 
forms. In the five-year period, 1947 to 
1951, inelusive, the average B.O.D. in 
the effluent was 3.8 p.p.m. and indi- 
eated an over-all removal of 98 per 
cent. Similarly the average suspended 
solids content in the effluent was 4.6 
p-p.m., an indicated removal of 98 per 
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cent. The trend toward deterioration 
Was first apparent in 1951 although not 
definitely indicated. 

The foregoing reveals the usefulness 
of collated data derived from actual 
performance. It is quite apparent 
from the change in the performance of 
the Mt. Kisco plant that defects in op- 
eration account for the decrease in ef- 
ficiency from previously established 
standards. Obviously the reconstrue- 
tion of the sand beds is indicated and 
this would return the plant to its 
former status. 

In general the conclusions set forth 
in the 1947 report have been useful in 
evaluating the performance of water- 
shed plants, and in actual practice most 
of the plants have had no difficulty in 
meeting the criteria. Where perform- 
ance does not meet these specifications 
it is almost always explained by recog- 
nizable defects or inadequacies which 


WATERSHED SEWAGE TREATMENT 1209 


are correctable within the feasibility of 
plant economies. 


Effluent Chlorination 


It is only possible to mention the 
generalities of chlorination since an 
analysis of the detailed data obtained 
by the Division of Laboratories would 
be a formidable undertaking. In gen- 
eral, the average chlorine dose at the 
sewage treatment plants has ranged 
from 2.5 to 60 p.p.m. More realistic 
dosages are likely to be found in the 
range between 8 p.p.m. and_ possibly 
20 p.p.m. It is difficult to set more 
definite values since these are deter- 
mined by the individual performance 
of each plant. However, a residual of 
) p.p.m. seems to be indicated as an 
optimum one for effective control of 
coliforms under widely varying loads 
and conditions. 


II. TREATMENT FACILITIES 


By JAMES PUE 


Designing Engineer, City of New York Board of Water Supply, New York, N. Y. 


The purpose of this paper is to pre- 
sent general information pertaining to 
sewage treatment plants located on 
watershed areas that are used as a 
water supply source. During the past 
30 years, the Board of Water Supply 
of the City of New York has designed 
and constructed several sewerage sys- 
tems to protect the various water 
supply systems from pollution by do- 
mestic and industrial wastes. The De- 
partment of Water Supply, Gas and 
Electricity is the operating and main- 
tenance agency for all completed sys- 
tems. 


Catskill System 


The second stage of development of 
the Catskill System required the con- 
struction, during 1927, of the Tanners- 


ville sewerage facilities located on the 
Schoharie watershed. The treatment 
plant consisted of septic or Doten 
tanks, sludge drying beds, sand filters, 
and provision for chlorination. The 
design permanent population was ap- 
proximately 640 and the summer popu- 
lation was about 3,000. 

Also as part of the second stage of 
the Catskill development, the Grand 
Gorge sewerage system, also located on 
the Schoharie watershed, was started 
in 1929 to protect from pollution the 
tributary waters flowing into the 
Schoharie reservoir. This treatment 
plant, located a few miles west of the 
Schoharie reservoir, consisted of a set- 
tling tank, separate sludge digestion 
tanks, a sludge drying bed, sand fil- 
ters, and provision for chlorination. 
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The design permanent population was 
approximately 600. 


Delaware System 


Grahamsville, N. Y. 


The first stage of development of the 
Delaware System, which began in 1937, 
required the construction of a sewer- 
age system for the Village of Grahams- 
ville, N. Y., the Rondout 
watershed a few miles upstream from 
the inlet. The construction 
of this sewerage system was begun in 
1948 to eliminate most of the drainage 
from cesspools and other sources of 
contamination that would 
enter the tributaries of 
ervoir. The collection system included 


located on 


reservoir 


otherwise 
Rondout res- 
about three miles of gravity sewers and 
two miles of house connections laid to 
the outside of foundation walls of ex- 
isting buildings. The system was de- 
signed for a 1950 permanent popula- 
tion of 400 and a 1980 maximum popu- 
lation of 600. The treatment plant, 
located near the easterly limit of the 
village, consisted of a control chamber 
in which pumping and chlorinating 
equipment Imhoff 
four sand filters 


are housed, two 
intermittent 
and a glass-enclosed sludge drying bed. 
The plant, with the exception of the 
filter beds, has a nominal capacity of 
75,000 g.p.d. The filter beds were de- 
signed to operate at a maximum flow 
rate of 99,000 g.p.d., which is equiva- 
lent to a rate of filtration of 82,500 
@.p.a.d. 


tanks, 


Port Jervis, N. Y. 


In accordance with the provisions of 
the United States Supreme Court de- 
cree relative to the diversion of water 
from portions of the watershed area 
of the River for the water 
supply of New York City, the City 
was required to construct sewage treat- 


Delaware 


ment plant facilities, intercepting sew- 
ers, siphons, pumping stations, force 
mains, and other appurtenances for the 
City of Port Jervis, N. Y. 
age and industrial wastes from the ex- 


The sew- 
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isting collecting system were previously 
discharged through seven outlets into 
the Delaware and Neversink rivers. It 
is of interest to note that this sewerage 
system does not operate on a portion of 
a watershed area supplying water to 
New York City. 

The principal features of the treat- 
ment plant are as follows: a pumping 
station for the industrial wastes from 
the Vaucanson Silk Mills, a main con- 
trol building, Venturi meter chamber, 
mixing tanks, Imhoff tanks, fine screen, 
high-rate trickling filters, recirculation 
pumps, secondary settling tanks, glass- 
enclosed sludge drying beds, and chlo- 
rine contact tank. Construction work 
for the sewerage system was started 
during 1950. 

The 
Vaucanson 
ficial 


industrial from 
Silk Mills consist 
sodium 


the 
of arti- 
hypochlorite for 
bleaching, and muriatie acid for clean- 
ing frames to cut the gum. 


wastes 
dyes, 


Test sam- 
ples showed the suspended solids to be 
about 55 p.p.m., and the 5-day B.O.D. 
loading was 275 p.p.m. at an observed 
rate of flow of 0.76 ¢.f.s. 

The Supreme Court decree requires 
that, before any diversion of water is 
made, a high degree of purification of 
the and industrial wastes of 
Port Jervis must be attained and main- 
tained as long as any diversion is made. 


sewage 


Detailed contract drawings, basic de- 
sign data, and a report for the pump- 
ing stations and treatment 
plant were submitted with an appli- 
cation to the New York State Depart- 
ment of Health for permission to dis- 
charge sewage effluent from the treat- 
This procedure is typical 
for all the treatment plants designed. 
The plant was designed for a sanitary 
sewage population load of 12,500 and 
an industrial waste population equiva- 


sewage 


ment plant. 


lent of 5,500, or a total design popula- 
tion of 18,000. 

A unique feature of this high-rate 
filter plant is the use of three Imhoff 
tanks having a 1:1 recireulation, in- 
cluding reversible flow, seum collecting 
piping with spray pipes, covered gas 
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vents, and jets located at the shoes 
of the sludge withdrawal pipes. The 
average weir overflow rate is about 
35,000 g.p.d. per foot of weir and the 
surface settling rate is 860 g.p.d. per 
square foot based on a recirculation 
flow of 2.5 m.g.d. and an average flow 
of 2.5 m.g.d. or a total flow of 5.0 
m.g.d. On the basis of a total sludge 
compartment volume of 77,000 eu. ft., 
the unit capacity is 4.28 cu. ft. per 
capita. 

The B.O.D. loading to the filters 
based on a 30 per cent removal of 
3.O.D. by the Imhoff tanks is 2,900 Ib. 
per day. The maximum rate of ap- 
plication per filter stage including re- 
circulation at 2.5 m.g.d. is 35 m.g.a.d., 
the average rate being 20 m.g.a.d. (3- 
ft. depth of stone). The surface set- 
tling rate of the final settling tanks at 
average dry-weather flow, plus a 1:1 
recirculation ratio is 747 g.p.d. per 
square foot. 

Three chlorinators, each at 400 Ib. 
per day capacity, were installed for 
pre-and post-chlorination. Lime feed 
equipment of the dry chemical type 
and a 2,000 lb. per day capacity was 
installed for pH control of the di- 
gesting Imhoff sludge. The industrial 
wastes normally have a temperature of 
160° F. and a pH range of 4.5 to 
10.0, the 24-hr. average range being 
6.0 to 7.0. 

The alkaline concentration in the in- 
dustrial wastes required the installa- 
tion of a stainless steel bar rack at the 
industrial wastes pumping station. 

A complete laboratory was provided 
for this plant; emergency overflow 
pipes were installed at the mixing 
tanks, Imhoff tanks, and recirculation 
pumping station in ease of careless 
operation of the gates. Several sam- 
pling points were selected at the plant 
site to provide a check on the opera- 
tion. Double check valves were placed 
in the water service pipes at the en- 
trance to the treatment plant area, and 
also at the pumping stations to protect 
the potable water supply. 
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Margaretville-Arkville, N. Y. 


A recent addition to the list of water 
pollution control installations on water- 
shed areas is the Margaretville-Ark- 
ville, N. Y., sewerage system which will 
prevent sewage from these areas from 
entering the nearby Pepacton reservoir. 
This storage reservoir located on the 
East Branch watershed, forms a part 
of the second stage of the development 
of the Delaware System. The com- 
munities have a small influx of sum- 
mer tourists. 

Construction work was started on the 
treatment plant during 1955, and on 
the collecting system about a year later. 
Prior to this time, the sewage disposal 
facilities consisted of cesspools, septic 
tanks or outdoor pit privies, and direct 
discharge of wastes into the natural 
water courses. Throughout the general 
area there are no, industries using 
large quantities of water, except the 
Dairymen’s League Creamery located 
between Margaretville and Arkville. 
Wash water, while not carrying exces- 
sive pollution, is discharged into the 
sanitary sewer. The total average 
daily flow of waste water from the 
dairy has been estimated to be 18,000 
g.p.d. by the year 1985. 

The specifications required tests on 
the sewer pipes and manholes which 
would limit leakage to 0.10 gal. per 
foot of sewer per day for each inch 
of pipe diameter when the pipes are 
subject to an internal pressure of 4 ft. 
of head at the upstream end of the 
pipe. The rigid requirements were con- 
sidered feasible due to recent develop- 
ments in improved types of joints. As- 
bestos-cement pipes were selected for 
the sewers and house connections. The 
joint specified for the asbestos-cement 
sewer pipes is a coupling with a rubber 
ring. All sewer capacities include 
allowances for infiltration and the 
maximum rate of flow of the dairy 
wastes. 

The Board of Water Supply pre- 
pared various treatment plant designs 
involving different treatment processes 
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and plant layouts. Cost comparisons 
were made in an effort to arrive at a 
treatment process that would be free 
from odor nuisances, dependable in op- 
eration, positive in its protection of the 
potable water supply, and lowest in 
initial and operating costs. Due to the 
proximity of Pepacton reservoir to the 
treatment plant (about 3 miles) and 
the fact that the effluent from the 
treatment plant would discharge into 
the East Branch of the Delaware 
River, only a high degree of treatment 
was considered. 

Although two-stage filtration, with 
Imhoff tanks or primary sedimentation 
and separate digestion was found to be 
cheaper in initial cost, it was consid- 
ered expedient from the viewpoint of 
protection against breakdown in sani- 
tation to adopt a process that would 
involve slow intermittent sand filtra- 
tion as a final barrier against pollution 
entering Pepacton reservoir. Accord- 
ingly, the plant selected includes a 
comminutor, primary settling tanks, 
separate sludge digesters, sludge dry- 
ing beds, a sludge lagoon, intermittent 
sand filters, and chlorination facilities 
for pre- and post-chlorination. A fil- 
tering rate of 80,000 g.p.a.d. was used 
in the design of the filter beds. 

An unsewered wastes or holding tank 
was incorporated in the plant design to 
serve as a receiving point for the con- 
tents of cesspools and septic tanks that 
have been trucked from outlying un- 
sewered areas located on the watershed. 
A special slide gate is provided in the 
tank so that the contents may be re- 
tained and discharged during periods 
of high rates of flow in the influent 
sewer. 

The control building houses a gaso- 
line engine generator set, a control 
panel, alarms and drop signals, light- 
ing, metering, and pneumatic controls 
for the sewage pumps having variable 
speed units. A pneumatic control sys- 
tem actuated by a displacement type 
float located in the wet well will adjust 
the speed of the pumps through the 
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variable speed drive unit so that the 
pump will pace the rate of inflow of 
sewage and maintain a continuous flow 
to the treatment plant units. A 
standby pump will come into action at 
its minimum speed should an abnormal 
sewage flow occur which is greatly in 
excess of the maximum design flow 
(817,000 g.p.d.) of the plant. The 
standby pump will vary its speed to 
follow the changes of rate of flow of 
the incoming sewage. 

Controls are provided to sound 
alarms at high or low water levels in 
the wet well, to stop the pumps in the 
event of abnormally low flows of raw 
sewage, to start the pumps when the 
sewage flow increases, and to alternate 
the sequence of pump operation. This 
application of a variable speed drive 
and control by pneumatic means is be- 
lieved to be unique in the sewage pump- 
ing field. 

The natural area for the installation 
of the sewage treatment plant lies in a 
valley floor downstream from the vil- 
lage of Margaretville. The combined 
population of Margaretville-Arkville 
for the year 1985 was assumed to be 
2,100. The average design sewage flow 
for the treatment plant is 299,000 g.p.d. 

The primary settling tanks are 
equipped with sludge collectors which 
deposit the sludge in hoppers at the 
inlet end of the tank. A decanting 
chamber is provided at the side of the 
settling tanks so that the sludge may 
be transferred and decanted before be- 
ing pumped to the digesters. A scum 
removal pipe is located near the efflu- 
ent troughs of the tanks in the form of 
a slotted opening. A chamber is pro- 
vided to receive the skimmings and 
drain off the clear water. The skim- 
mings may be transferred to the de- 
canting chamber to be pumped to the 
digesters. 

Pre-chlorination takes place in the 
raw sewage pump discharge piping just 
downstream from the Venturi meter. 
For post-chlorination chlorine solution 
will be applied through a diffuser to the 
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sand filter effluent. A dosage rate of 20 
p.p.m. at an average flow of 0.30 m.g.d. 
was assumed for pre-chlorination, and 6 
p.p.m. at average flow for post-chlorina- 
tion. A detention period of 30 min., 
based on a maximum design rate of 
0.817 m.g.d. or 80 min. at the average 
rate of 0.3 m.g.d., was selected. Several 
sampling points were selected to afford 
a check on the performance of the 
treatment plant. 


Walton, N. Y. 


In accordance with the policy of the 
Board of Water Supply to protect 
newly constructed reservoirs and the 
tributary streams from pollution, a 
modern sewage treatment plant will 
soon be constructed at the Village of 
Walton, N. Y., having sufficient ca- 
pacity to serve an estimated human 
population of 5,500 and an industrial 
waste load equivalent to a population 
of 4,500. 

The new reservoir, known as the 
Cannonsville reservoir, is located on 
the West Branch of the Delaware River 
and will form a part of the third stage 
of the development of the Delaware 
System. The size of the treatment plant 
and the character of the industrial 
wastes from milk-handling and proces- 
sing, and other industries, may necessi- 
tate a biological process, consisting of 
a fine screen, primary and secondary 
settling tanks, primary and secondary 
sludge digestion tanks, primary and 
secondary biofilters, chlorine detention 
tank, glass-covered sludge drying beds, 
unsewered wastes tank, and a recireu- 
lation pumping station. 


Construction Crew Wastes 


In contrast to municipal sewage 
treatment, the Board of Water Supply 
is also engaged in another important 
role in the abatement of water pollu- 
tion of streams on watershed areas. 
Construction on the Delaware water 
supply project requires the employ- 
ment of approximately 200 men at each 
of the construction areas. An appreci- 
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able amount of sanitary waste is thus 
produced, necessitating sewage treat- 
ment of the organic wastes in order to 
safeguard the potable water supply at 
the working areas and to maintain the 
original quality of the nearby streams. 

In addition to the treatment of sani- 
tary sewage, many of the construction 
areas have the problem of disposal of 
shaft and tunnel drainage as well as 
surface drainage from the working 
areas and spoil banks. These areas 
are occasionally subject to pollution 
and often carry considerable quantities 
of fine suspended mineral matter. The 
drainage water from the construction 
area is usually settled and chlorinated 
before being discharged into a nearby 
stream. In general, the stream is sam- 
pled above and below the construction 
area for physical and bacterial analysis, 
and the chlorinated plant effluent is 
sampled for physical, chemical, and 
bacterial analysis. 

Based on past experiences, it has 
been found desirable to use a contribut- 
ing population of 200 and an average 
sewage flow rate of 25 g.p.c.d. as a 
basis for design of the sewage plants 
located at shaft sites on watershed 
areas. In general, the treatment plant 
consists of a septic tank, sludge bed, 
dosing tanks with alternating siphons, 
gate box, filter beds, and chlorinator. 
The septic tanks are placed below 
ground level to a depth sufficient to 
aid in maintaining proper operating 
temperatures. The intermittent sand 
filters consist of 3 ft. of sand and are 
constructed of a size sufficient to handle 
the estimated flow at an average rate 
of filtration of 100,000 g.p.ad. The 
filter beds are covered to ensure proper 
working conditions during the winter 
season. 


Ordinances 


Ordinances regulating connections 
with sewers and the use of such con- 
nections have been prepared for several 
village sewerage systems. The main ob- 
jectives of the ordinances are: (a) to 
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protect the sewage collection systems; 
(b) to protect plant personnel; (¢) to 
protect the treatment plants; (d) to 
meet effluent and stream standards; 
and (e) to develop close cooperation 
between industrial users and the mu- 
nicipal or state health authorities. 

The ordinances are predicated on 
agreements between the City of New 
York and the municipality involving 
the construction, operation and main- 
The 
contained in the 
are: (a) the exelusion of 
storm water from sanitary sewers; (b) 
pretreatment of the industrial 
by the industries producing the wastes 
to the extent approved by the Board’s 
authorized exclu- 
sion of materials from 
sewers; (d) installation and operation 
of treatment plants by the industrial 


users; 


tenance of the sewerage system. 
principal 
ordinance 


features 


wastes 


representative; (¢ 
objectionable 


repair of service connee 


tions; (f) amendments; and (g) con- 
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formance with the New York State De- 
partment of Health and the New York 
State Water Pollution Control Board. 


Summary 

The New York City Board of Water 
Supply builds essential sewerage treat- 
ment facilities for populated areas lo- 
cated on the watersheds. Treatment 
facilities are provided for the 
prevention of pollution by personnel 
engaged in the construction of the New 
York City water supply system. This 
policy is in keeping with the pattern 
developed throughout the New York 
City watersheds. 

Under secured in 1923 
the Board is enabled to negotiate with 
the authorities of hamlets, villages, and 
towns within the watersheds, as to the 
constrnetion and maintenance of sew- 
age systems to protect the water supply 
sources from sanitary and industrial 
pollution. 


also 


legislation 


NEW HAMPSHIRE ENACTS BOAT POLLUTION CONTROL LAW 


New Hampshire became the first 
state to take positive action to meet the 
boat pollution control problem on rec- 
reational waters. By action of the 
1957 Legislature, the law provides that 
after December 31, 1958, no marine 
toilet on any boat operating upon wa- 
ters of the state shall be so constructed 
and operated as to discharge any in- 
adequately treated sewage into said 
waters directly or indirectly ; and that 
every marine toilet shall be equipped 
with a suitable treatment device, which 


has been approved by the New Hamp- 
shire Water Pollution Commission, and 
shall be in operating condition. Who- 
ever violates any provision of the law 
shall be fined not more than $500 or 
imprisoned for not more than one year, 
or both; and such fine shall constitute 
a lien against the boat on which the 
offense was committed. 

Copies of the law, House Bill No. 78, 
may be obtained from the New Hamp- 
shire Water Pollution Commission, 
Coneord, N. H. 
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WASTE TREATMENT IN THE MISSOURI RIVER 
BASIN 


By PorGes 


Senior Sanitary Engineer, Water Supply and Water Pollution Program, Robert A. Taft 
Sanitary Engineering Center, USPHS, Cincinnati, Ohio 


The river basin concept of water re- 
source conservation and development 
must inelude consideration and evalua- 
tion of the handling and disposal of 
used waters. Of interest to health de- 
partments and water pollution control 
agencies are the production of mu- 
nicipal sewage and industrial wastes 
and the extent of waste treatment. The 
development of pertinent regional sta- 
tistics is essential as a measurement of 
existing conditions, as a guide for the 
direction of future efforts, and as a 
base upon which to measure progress. 
At the same time, evaluation of the 
collected data will point out areas of 
weakness, if any, in the statistics them- 
selves. 

The Missouri River Basin was se- 
lected as a demonstration region to 
illustrate available statistics. The 
basin is large, encompassing over one- 
sixth of the land area of the United 
States, and ineludes a wide range of 
climatological and geographical condi- 
tions. An extensive land and water 
resource conservation and development 
program is underway, including more 
than 100 major dams for the control 
of the waters of the Missouri River and 
its tributaries. Within this area there 
are in excess of 1,500 municipal water 
supplies and many sources of indus- 
trial water (1). The state health 
departments and the Public Health 
Service have been actively engaged in 
the conservation program and have as- 
sembled current data relative to sewage 
and industrial waste facilities, probably 
as complete as have been reported from 
any comparable region. 


Data 


Each of the health departments or 
water pollution control agencies of the 
10 states in the basin brought up-to- 
date, effective July 1, 1956, available 
information on municipal and indus- 
trial waste facilities. These data were 
compiled and cooperative state-federal 
reports were issued for each state (2) 
(3) (4) (5) (6) (7) (8) (9) (10) (11). 
These reports formed the basis of this 
study. The recorded data concerning 
the municipal sewage and industrial 
waste, treatment thereof, and pollution 
abatement needs were evaluated, along 
with supplemental information (12). 

Tabulations by states are given in 
Tables I and II. Table I encompasses 
the municipal waste situation, includ- 
ing industrial wastes discharged to 
municipal sewerage. The number of 
communities and total populations, 
both by 1950 United States census and 
by estimated populations served, are 
presented. The population equivalents 
of wastes produced and wastes dis- 
charged to streams are shown. The 
data also give details of waste treat- 
ment—primary, intermediate, second- 
ary, and other—and of those systems 
without treatment. 

Table II presents information on 
industrial wastes. Shown are the total 
number of plants, organie wastes by 
treated and untreated segments with 
population equivalents produced and 
discharged, and inorganie wastes with 
the number of plants providing treat- 
ment. 

Table III lists the industrial wastes 
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Classification No 
Total itemst | 1174 | 
Treatment plants: 
Primary treatment 307 
Intermediate treatment ll | 
Secondary treatment 483 
Other and undetermined treat- 
ment | 65 
Total 866 | 
No treatment 308 


* Reported were 1,163 municipalities having 
+ Plants and/or systems. 


in the basin by type of industry. This 
table is presented as an example of 
some of the possible analyses of in- 
ventory data which permit a better 
understanding of conditions. 

Composite data for the basin are 
summarized in Tables IV, V, and VII. 
Table IV covers municipal summa- 
tions; Table V presents industrial sum- 
mations; and Table VII gives waste 
treatment needs for both municipal and 
industrial facilities. 


Discussion 
Municipal Wastes 


As given in Table IV, 1,163 mu- 
nicipalities with a total 1950 United 
States Census population of 4,156,636 
were reported in the Missouri River 
Basin. The estimated population 
served was 4,046,000 or 97.3 per cent 
of the census population. The popula- 
tion equivalent of municipal waste pro- 
duced totalled 6,748,000, indicating 
that industrial wastes accounted for 
some 2.7 million or 40.0 per cent of the 
total. The over-all waste load was re- 
duced 26.9 per cent by treatment. The 
866 treatment plants reduced the load 
for which they were responsible by 
57.0 per cent; 308 communities dis- 


charged 3,562,000 population equiva- 
lents without benefit of treatment. 
Comparison of the 1956 
data with that presented in 
showed close agreement. 


Inventory 
1953 (12) 
In 1953, 1,073 


SEWAGE AND INDUSTRIAL WASTES 


TABLE IV.—Municipal Waste Treatment* 


November, 1957 


| Est. Pop. | Pop. Eq. | Pop. Ea. 
er Cent Served Removal 
(1,000) (1,000) (1,000) (%) 
100 | 4,046 6,748 4,931 26.9 
| 
26.2 | 405 466 349 25.1 
0.9 | 633 906 558 38.4 
41.2 1,321 1,748 453 74.1 
5.5 | 61 | 66 9 86.4 
73.8 2,420 | 3,186 1,369 57.0 
26.2 1,626 3,562 3,562 | O 
| 


a total 


1950 Census population of 4,156,636. 


municipal systems were reported pro- 
ducing 6,740,000 population equiva- 
lents; 759 communities provided treat- 
ment effecting an over-all reduction of 
27.4 per cent of the biochemical oxygen 
demand. 

Municipal data reported in the Mis- 
souri Basin are virtually complete. Of 
the 1,174 entries reporting, 1,156 or 
98.5 per cent showed population equiv- 
alents of waste produced and 1,150 or 
98.0 per cent gave similar statistics on 
waste discharged, with or without treat- 
ment. 

Treatment was provided by 73.8 per 
cent of the sewage systems reporting. 
Primary treatment was practiced by 
307 or 35.4 per cent; 11 or 1.3 per 
cent provided intermediate treatment ; 
483 or 55.8 per cent were secondary 
treatment plants; while others and un- 
determined totaled 65 or 7.5 per cent. 
Treatment by the primary plants re- 
sulted in 25.1 per cent reduction in the 
waste load as measured by population 
equivalents; by intermediate treatment 
the reduction was 38.4 per cent; by 
secondary treatment it was 74.1 per 
cent; and by others and undetermined 
it was 86.4 per cent. Interestingly, 
a majority of the plants (55.8 per 
cent) provided secondary treatment 
and handled 54.9 per cent of the waste 
treated. 

An over-all B.O.D. removal of 25.1 
per cent for primary treatment is low 
when compared to the 35 per cent 
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generally obtained by such treatment. 
Apparently, minor degrees of treat- 
ment as provided by septic tanks and, 
in some instances, overloaded plants 
or poor operation, reduced the average 
removal. The reduction by intermedi- 
ate treatment methods was also less 
than that customarily anticipated, 
probably due to the large proportion 
of industrial wastes handled. Second- 
ary treatment was close to the 75 per 
cent removal usually assigned to such 
treatment. The 86.1 per cent reported 
by other methods reflect higher de- 
grees of purification provided by terti- 
ary treatment and possibly land ap- 
plication. 

The industrial included in 
sewage handled by the municipal sys- 
tems increased the load on the systems 
by the following percentages: 


wastes 


Increase by 
Industrial Wastes 
(% 


System 


With treatment: 


Primary treatment 15.0 
Intermediate treatment 43.1 
Secondary treatment 32.4 
Other treatment 6.1 
Undetermined treatment 13.3 
Average 31.6 
Without treatment plants 119.0 
Total 66.8 


The industrial increment exceeded the 
domestic load where wastes were dis- 
charged without treatment. The 31.6 
per cent average increase in treatment 
plant loadings caused by industrial 
wastes is in reasonable agreement with 
Byrd and Gex (13) who evaluated 100 
treatment plants over the nation 
handling industrial wastes and_ re- 
ported that the median treatment plant 
handled wastes consisting of industrial 
loadings as follows: 


Item Per Cent 
Flow 25.5 
B.O.D. 36.5 
Susp. solids 32.5 
It will be observed that the 308 


municipal systems without treatment 
produced wastes of 3,562,000 popula- 
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tion equivalents as compared to the 866 
entries with treatment producing 
3,186,000 population equivalents. Ap- 
parently, it is the larger communities 


of the basin that have not instituted 
treatment measures. This is not un- 
reasonable as many of the smaller 


communities are located on small head- 
water streams and have installed treat- 
ment plants to abate obvious pollution 
or nuisance conditions. The larger 
communities, usually on larger streams, 
have been able, no doubt, to dispose of 
their wastes without apparent prob- 
lems. The rising value of water, 
higher water uses, need for conserva- 
tion of natural resources, and ever 
increasing pollution, all point to the 
need for waste treatment. Progress will 
be accelerated as the larger communi- 
ties institute pollution control meas- 
ures. 


Industrial Wastes 


In the Missouri Basin, 342 industries 
with separate waste discharges have 
been reported (Table V). A total of 
287 or 83.9 per cent discharged pri- 
marily organic wastes and 55 or 16.1 
per cent inorganic wastes; 175 or 51.2 
per cent provided treatment. 

Data relative to industrial waste pro- 
duction and industrial waste treatment 
are incomplete. Of the 287 industries 
reported with organic waste discharges, 
only 201 or 70.0 per eent showed the 
population equivalent of the waste pro- 
duced and 210 or 73.2 per cent re- 
ported the population equivalent of 
waste discharged. In fact, the total 
reported industrial discharge to 
streams of 8,540,000 population equiva- 
lents is considerably greater than the 
reported waste production of 6,235,000 
population equivalents, an_ illogical 
condition that reflects the inadequacy 
of the available data. In the 1953 
study (12) 332 industrial waste out- 
lets were reported with a waste dis- 
charge of 10,009,000 population equiva 
lents. It is probably safe to estimate 


that industrial wastes presently dis- 


| 
at 
3 
TERE 
j 
| 


Yischarges Per Cent 
(No.) Number 
teporting 
Recorded dis- | 
charges: 
Treated 175 | 512 
Untreated | 167 18.8 -- 
Total | 342 100.0 | — 
Organic wastes: | 
Treated 143 | 1.8 73 
Untreated 144 2.1 128 
Total 287 3.9 201 
Inorganict 
Treated 32 9.4 
Untreated 23 6.7 - 
Total 55 16.1 


* Amount is low because of unreported items. 


SEWAGE AND INDUSTRIAL WASTES 


TABLE V.—Industrial Waste Treatment 


Waste Produced 


November, 1957 


Waste Discharged 


Pop. Eq. Number Pop. Eq 


Per Cent (1,000) Reporting | Per Cent (1,000). 
| 
| 
51.0 | 1,461* | 82 57.3 | 3,766" 
88.9 | 4,773" | 12 88.9 | 4,773" 
70.0 | 6.235* | 210 73.2 | 8540* 


+ Reported as discharging inorganic wastes only. 


charged separately to streams is in ex- 
cess of 10,000,000 population equiva- 
lents or more than twice as much as 
the municipal wastes. 

Of the total 287 industries with or- 
ganic wastes, 143 provided treatment 
while 144 discharged untreated wastes. 


Of those with inorganic wastes, 32 
plants provided treatment and 23 dis- 


charged without treatment. 

Most of the plants contributing or- 
ganic with the 
processing of food and kindred prod- 
ucts, such meat 
packing plants, and dairies. Other or- 
ganic wastes result from the processing 
of petroleum and oil products, fabri- 


wastes are associated 


as sugar refineries, 


VI list the principal types of industry 
producing organic wastes. The inor- 
ganic wastes are derived principally 
from mining activity. 


Treatment Needs 


Waste treatment needs are sum- 
marized in Table VII. The combined 
municipal and industrial needs for sew- 
age and waste treatment plant con- 
struction follows: 450 new 
plants, 170 replacements, 147 additions, 
and 83 enlargements, for a total of 850 


were as 


needs. No project needs were cited in 
533 instances. Improved operation or 


utilization of existing facilities was re- 
ported in 116 cases; 6 required con- 


cated metal products, and chemicals nection to existing systems and 15 
and allied products. ‘Tables III and needs were undetermined. 
TABLE VI.—-Sources of Organic Industrial Wastes* 
Waste Discharges (population equivalents) 


Industry 

Food and kindred products 198 
Petroleum and coal 1] 
Fabricated metal 24 
Chemicals and allied products 8 
All other 16 
Total 287 


* Data from Table ITT. 


Data 
Reported 


Number 


teporting Per Cent 


170 8,185,000 95.8 
18 142,000 | 
8 94,000 1.1 
8 77,000 0.9 
6 41,000 0.5 
210 8,539,000 100.0 


| 
| 
1222 
| 
| 
| sal 
“a 
— 
af 
pei 
— 


Vol. 29, No. 11 


TABLE VII.—Waste Treatment Needs 


Municipal | Industrial 
Classification 
| No. | % No % 
New treatment facilities } 292 24.8) 158 46.2 
Enlargement of existing 
facilities | 76 6.4 7 2.0 
Addition of other treat- | 
ment methods 114 9.7 33 9.7 
Chlorination 1 0. 1} 03 
Replacement of existing 
plant } 141 11.9 29 8.5 
Improved operation or uti- } 
lization of existing taci- | 
lities | 109 9.2 7 2.0 
Connection to adequate | 
existing system 5 0.4 1; 03 
6) 05 9| 26 


436 | 37.0| 97 | 284 
1,180", 100.0 | 342 100.0 


No project needs 


| 
Undetermined 
Total reported needs | 


* Some entries reported more than one need. 


There appears to be measurable 
progress in waste treatment over the 
past three years. In 1953 (12), the 
reported needs included 491 new 
plants, 184 replacements, 108 addi- 
tions, and 110 enlargements, or a total 
of 893. Considering the increase in the 
number of municipalities and indus- 
tries reported for the three-year period 
(1,405 for 1953 and 1,505 in 1956), 
the percentage declaring construction 
needs was 63.6 in 1953 and 56.5 in 
1956. This progress may be expected 
to continue. 


Summary and Conclusions 


A summary of 1956 inventory data 
of municipal and industrial waste fa- 
cilities in the Missouri River Basin has 
been presented. 

There were 1,163 municipalities serv- 
ing 4,046,000 people producing wastes 
totaling 6,748,000 population equiva- 
lents including 2.7 million population 
equivalents of industrial wastes dis- 
charged to municipal sewerage. The 
municipal waste load in the basin was 
reduced 26.9 per cent by 866 municipal 
sewage treatment plants. Reporting of 
municipal data was essentially com- 
plete, totaling 98.5 per cent in the 
ease of wastes produced and 98.0 per 
cent for wastes discharged. 

Industrial wastes discharging sepa- 
rately were reported in 342 instances; 
287 or 83.9 per cent have primarily 
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organic wastes and 55 inorganic wastes. 
Waste treatment was provided by 175 
or 51.2 per cent of the industrial 
plants. Data relative to industrial 
wastes and treatment is incomplete; 
only 70.0 per cent have data on wastes 
produced and 73.2 per cent on wastes 
discharged. The incomplete record of 
the 1956 inventory showed 8,540,000 
population equivalents discharged by 
industry as compared to 10,000,000 re- 
ported in 1953. It may be assumed 
that industrial wastes discharged di- 
rectly to streams of the basin exceed 
10,000,000 population equivalents. The 
processing of food and kindred prod- 
ucts accounts for a large proportion of 
the organic wastes produced. 

Treatment plant construction needs 
for the basin in 1956 totaled: 450 new 
plants, 170 replacements, 147 additions, 
and 83 enlargements. Improved opera- 
tion or utilization of existing facilities 
was indicated in 116 instances. No 
needs were cited in 533 instances. 
There has been a reduction in construc- 
tion needs reported since 1953. 
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ANALYTICAL DEVELOPMENT WORK FOR DETER- 
GENT ABS DETERMINATION IN WASTE WATERS 


By House 


Chairman, Subcommittee for Analysis of ABS, Association of 
American Soap and Glycerine Producers 


Formation of Analytical Committee 


In 1954 the Technical Advisory 
Committee of the Association of Amer- 
ican Soap and Glycerine Producers 
(AASGP) formed an analytical sub- 
committee to develop improved analyti- 
eal procedures for detergent alkyl 
benzene sulfonate (ABS) in sewage 
and receiving waters. Representatives 
from several interested organizations 
have been associated with the work of 
this committee. Those organizations 
which have been represented on the 
committee are: Atlantic Refining, Cali- 
fornia Research Corporation, Colgate- 
Palmolive, Continental Oil, Lever Bro- 
thers, Monsanto Chemical, National 
Aniline, Procter and Gamble, and the 
U. S. Publie Health Service. 


Need for Improved Analytical 
Methods 


Interest in improved analytical pro- 
cedures for ABS arose because of com- 
plaints that detergents caused operat- 
ing difficulties in sewage treatment 
works and might be undesirable con- 
taminants in surface waters. ABS is 
the principal active ingredient in most 
household detergents. These products 
ordinarily contain 15 to 30 per cent 
active ingredient, the remainder being 
primarily inorganic builders. 

Use concentration of household de- 
tergents varies from about 0.1 to 0.3 
per cent (1,000 to 3,000 p.p.m.) in the 
wast water. High dilution in the sew- 
ers with detergent-free water gives very 
low concentrations at the sewage treat- 
ment plant. Still further dilution oc- 
curs in receiving waters. At these low 
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concentrations, natural organic matter 
present in sewage and surface waters 
might be expected to interfere with 
direct colorimetric methods. 


Interferences in Colorimetric Methods 


The basic method for estimating 
ABS in trace concentrations is that of 
Jones (1). In this method a cationic 
dye (methylene blue) is reacted with 
the anionic sulfonate to form an oil- 
soluble compound which is extracted 
into chloroform and measured colori- 
metrically. 

Colorimetric methods of this type 
work quite well in distilled water, but 
serious interferences are sometimes 
present in sewage and surface waters. 
Numerous attempts to eliminate or cor- 
rect for interferences have been made. 
Degens et al. (2) found that inter- 
ference from nitrate and thiocyanate 
ions can be minimized. Edwards and 
Ginn (3) titrated with a quaternary 
ammonium compound at pH 7.0 to 7.5 
to eliminate interferences from soaps 
and proteins which occur in alkaline 
and acid solutions, respectively. This 
titration method is primarily of inter- 
est at concentrations of 100 p.p.m. and 
higher, and is only of limited use at 
the much lower concentrations to be 
expected in sewage and surface waters. 
Longwell and Maniece (4) eliminated 
protein and soap interference by first 
extracting at pH 10 and then washing 
with acidified methylene blue. Moore 
and Kolbeson (5) used methyl green 
instead of methylene blue and extracted 
with benzene instead of chloroform. 
The nature of interferences was altered 
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by the changes, but the interferences 
were not eliminated. 

Unfortunately proof that the effects 
of interferences have been eliminated 
can only be obtained by comparison 
with results from a method of known 
high accuracy or by recovery and iden- 
tification of the ABS. In the absence 
of such a method, there was consider- 
able doubt that reported results based 
on colorimetric methods were accurate. 
Interferences from proteins and soluble 
inorganic compounds can probably be 
eliminated, but some naturally oceur- 
ring organic sulfates and sulfonates 
may still interfere. 

Positive interferences have been re 
ported by Fairing and Short (6) using 
the direct methylene blue procedure on 
urine and aqueous extracts of straw, 
manure, leaves, and _ rotted wood. 
Hooker and others (7) found similar 
positive interference in urine and 
aqueous extracts of coffee, tea, straw, 
and paper mill wastes using various 
modifications of Jones’ method such as 
those of Longwell and Maniece (4) and 
Degens et al. (2) 

Many of the complaints about ABS 
as a pollutant are based on the above 
types of analytical procedures. Others 
are based on the appearance of froth, 
which is not as reliable an indication 
of the presence of detergents as is com- 
monly supposed. The type of froth ob- 
tained with ABS at a few parts per 
million is quite unstable and disap- 
pears rapidly. On the other hand, 
many proteinaceous materials and 
other natural products such as _ bile 
salts are surface active and ean pro- 
duce stable froths under some condi- 
tions. In light of these considerations, 
it is evident that less equivocal analyti- 
cal data are needed to clarify the sit- 
uation 


Status of Committee Work 
Referee Method for Water 


Two requisites of a referee method 
are: (a) complete (or reproducible) re- 
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covery of ABS and (b) positive identi- 
fication of the recovered material. 
Colorimetric methods cannot fulfill 
these requirements. The committee 
therefore agreed that its first objective 
would be to develop a method to re- 
cover ABS as quantitatively as possible 
from very dilute solutions, then to 
purify the recovered ABS sufficiently 
for positive identification. 

Under the chairmanship of P. J. 
Weaver, Procter and Gamble Company, 
a referee method for ABS in water was 
developed after considerable work in 
the laboratories of the various member 
organizations. This method and the re- 
sults of cooperative testing of Ohio 
River water were presented before the 
American Chemical Society Summer 
Symposium on Analytical Chemistry at 
the University of California, Los An- 
geles, Calif., on June 14, 1956, by a 
member of the committee (8). Essen- 
tially 100 per cent of the ABS is de- 
tected using this method. 

The method involves adsorption of 
the ABS on activated carbon, elution, 
purification by acid hydrolysis and ex- 
tractive techniques, and final estima 
tion and identification by infrared spec- 
troscopy. The procedure is lengthy 
and not suited for survey work. How- 
ever, it satisfies the original need of a 
referee method for resolving controver- 
sial cases and for establishing the valid- 
ity of shorter methods. 


Referee Method for Sewage 


The committee is currently investi- 
gating a similar method for use in sew- 
age. Results to date on local sewage 
samples are encouraging, and it is ex- 
pected that cooperative tests will be 
carried out on a sewage sample in the 
near future. If this procedure proves 
satisfactory, it will be made generally 
available. 


Short Method 


A short method for determining ABS 
in sewage and surface waters is needed 
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so that reliable data can be obtained 
in the field by sewage plant personnel 
and others interested in ABS concen- 
tration levels. The committee decided 
that a project to develop such a method 
could best be carried out by an inde- 
pendent research organization to speed 
results and avoid undue work load on 
committee member: organizations. 

A number of universities and re- 
search institutes were contacted, and 
several who were interested in the prob- 
lem submitted proposals for the proj- 
ect. On the basis of previous experi- 
ence and interest in similar analytical 
problems in the field of pharmacology, 
the proposal of Professor Orville H. 
Miller and V. J. Patel of the University 
of Southern California School of Phar- 
macy was accepted. Work on the proj- 
ect started in July, 1957. 

When a successful short method has 
been developed, it is hoped that a large 
amount of reliable data on the ABS 
content of sewage and receiving wa- 
ters throughout the country can be ac- 
cumulated. When sufficient data are 
available, it should be possible to elar- 
ify the situation regarding ABS as a 
potential trouble maker in 
plants and water pollution. 
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EFFECT OF HIGH SODIUM CHLORIDE CONCENTRA- 
TION ON TRICKLING FILTER SLIMES * 


By Geratp W. Lawton AND CLARENCE V. EGGERT 


Respectively, Assistant Professor of Civil Engineering and Student, University of Wisconsin, 
Madison, Wis. 


The highly saline whey produced in 
the manufacture of an experimental 
cheese developed at the University of 
Wisconsin presents a possible problem 
of disposal. The sodium chloride con- 
tent of this whey averages about 3.5 
per cent, or 35,000 p.pm. Treatment 
of this waste, when diluted with large 
amounts of domestic sewage is expected 
to cause no difficulty, but the effect of 
the concentrated whey on treatment 
processes appears to be unknown, es- 
pecially in those cases where slugs of 
the material are discharged irregularly 
to the sewer. 


Literature 


A literature review revealed no ref- 
erences to the effect of such a waste 
on biological treatment processes, how- 
ever, various references pertaining to 
the effect of sodium chloride on specific 
strains of bacteria were found. Rappin 
(1) found that Anthraz bacillus could 
survive two days, Erysipelas bacillus 
20 days, Typhoid bacillus five months, 
Diphtheria bacillus three weeks, and 
Tuberculosis bacillus three months in 
a saturated sodium chloride solution. 
Colon bacillus and Cholera vibrio on 
the other hand, were sharply affected 
upon contact with similar salt solutions. 

Winslow, Walker, and Sutermeister 
(2) reported that Escherichia colt were 
first stimulated and then retarded by a 
2.5 molar sodium chloride solution. 

* Presented at the 1957 Annual Meeting, 
Central States Sewage and Industrial Wastes 
Assn.; Chicago, Ill.; June 26-28, 1957. 

+t Presently, Second Lieutenant, 
States Air Force. 


United 


Doudoroff (3) found that Escherichia 
coli would withstand salt concentra- 
tions up to 8 per cent if they were grad- 
ually acclimated to that concentration. 
Baxter and Gibbons (4) showed that 
the enzyme activity of Escherichia coli 
dropped sharply in sodium chloride 
concentrations greater than 0.3 molar. 


Foda and Vaughn (5) found no 
Escherichia coli in contaminated cu- 
cumber and olive brines, but they 


found that Aerobacter aerogenes could 
withstand a salt concentration of 14.5 
per cent if they were gradually ac- 
climated to it. 

LeFerre and Round (6) found that 
bacteria isolated from pickle brine 
would not grow in media containing 
less than 2 per cent sodium chloride, 
but would grow in salt concentrations 
as high as 25 per cent. They also 
found that such bacteria could survive 
drying for more than a year. Rappin 
(1) has shown that table salt may con- 
tain dried halophilic bacteria that are 
still viable. 

Haney (7) indicated that the dis- 
posal of water softening plant brines to 
sanitary sewers may be corrosive to 
pumps and equipment, and might seri- 
ously upset biological phases of waste 
treatment if added in slugs. He fur- 
ther stated that slugs of this waste dis- 
charged to a stream might cause fish 
kills. 


Experimental Procedure 


From these studies it would appear 
that the problem would not be that of 
producing a biological growth from 
highly saline wastes, but rather that 
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FIGURE 1.—Effect of sodium chloride on B.O.D. values. 


of determining whether or not the 
growths would satisfactorily stabilize 
the organic matter present in the waste, 
and whether the growths already de- 
veloped would be adversely affected by 
such wastes. 

Rotating tube filters, similar to those 
developed by Gloyna, Comstock, and 
Renn (8), were selected for this study 
because of their small size and ease of 
operation. The unit consisted of six 
lucite tubes, a pump capable of supply- 
ing a constant and uniform quantity 
of waste to each tube, and a refriger- 
ator for preserving the substrate or 
feed material, prior to its application 
to the filter tubes. The volumetric 
loading to each tube was caleulated to 
be at a rate of approximately 4 m.g.a.d., 
which is comparable to the loading of 
standard-rate trickling filters. Caleu- 
lation of this loading was based on the 
area available for slime growth as com- 
pared to that of a 6-ft. deep rock filter 
(9). 

In the first part of the study the 
substrate consisted of domestic raw 


sewage strained through two layers of 
cheesecloth. Later, a synthetic waste 
was prepared from Difco lactose broth, 
since the strength could be readily con- 
trolled. In the final part of the study 
saline whey and whey-sewage mixtures 
were used. 

The average composition 
cheese whey or brine was: 


of the 


Component Concentration (p.p.m.) 


Fat 1,500 
Protein 4,100 
Sugar 15,800 
Salt 34,600 


The biochemical oxygen demand of this 
whey ranged up to 27,000 p.p.m. 

Five-day B.O.D. determinations were 
made frequently, usually daily, on the 
influent and effluent of each filter tube. 
Chloride determinations were also made 
routinely. 

Samples for analysis were filtered 
through Whatman Number 40 filter 
paper before being used, in order to 
minimize sampling errors. Sloughing 
of the filter tubes occurred irregularly 
and filtration was found to be much 
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more rapid and effective than sedimen- 
tation in removing the clumps of slime 
from the effluent. 


Results 
Chloride Effect on B.O.D. 


The possibility that the sodium chlo- 
ride present in the B.O.D. bottle might 
affect the determination was investi- 
gated. <A series of dilutions of a waste 
containing varying amounts of sodium 
chloride were made up and the B.O.D. 
of each determined. The results are 
shown graphically in Figure 1. It was 
noted that concentrations up to about 
10,000 p.p.m. sodium chloride produced 
little effect on the B.O.D. values, thus 
it was concluded that the diluting of 
the waste to reduce the oxygen demand 
would also dilute the sodium chloride 
to a level where its effect would be 
negligible in any determinations made 
in this study. Greater concentrations 
of salt, however, did markedly affect 
the B.O.D. determination. 


November, 1957 


Slime Growths 


The effect of salt on filter slimes was 
first studied by using strained raw do- 
mestie sewage to which various concen- 
trations of sodium chloride were added. 
Unfortunately the strength of this sew- 
age varied so widely from day to day 
that the results were very erratic. 

In the next phase of the study a slime 
growth was developed from raw sew- 
age. A lactose broth solution with a 
b.0.D. of about 240 p.p.m. was applied 
to the tubes until all were stabilizing 
the substrate uniformly. Additions of 
select amounts of sodium chloride were 
then made to all the substrates except 
that supplied to the control tube. Fig- 
ure 2 shows the effects produced, as 
measured by reductions in the B.O.D. 
of the substrate. The breaks in the 
curves at the left represent the shock 
effect of the lactose broth loading. 
Within one day all tubes had recovered 
and were operating normally. The ef- 
fect of the salt concentration is shown 
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FIGURE 2.—Effect of sodium chloride on 5-day B.O.D. reduction. 
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FIGURE 3.—Comparison of effect on B.O.D. of 50,000 p.p.m. sodium chloride. 


by the second set of breaks in the 
curves. In general, the greater the salt 
concentration the greater the effect on 
the slime and the longer the time re- 
quired for the slime to become accli- 
mated to it. For salt concentrations up 
to 20,000 p.p.m. the slime recovered in 
about one day, but for 50,000 p.p.m. 
about five days were required to obtain 
a uniform B.O.D. reduction. This uni- 
form reduction, however, was roughly 
10 to 15 per cent below the reduction 
obtained with salt-free samples. 

It is interesting to note that negative 
reductions in B.O.D. were obtained 
when salt concentrations were greater 
than 20,000 p.p.m. Presumably many 
of the organisms in the slime were 
killed by these concentrations and be- 
came a part of the effluent from the 
tubes, thus contributing to the B.O.D. 
The effluent from the tube receiving 
50,000 p.p.m. of sodium chloride had a 
B.O.D. of 359 p.p.m. compared to an 
influent B.O.D. of 245 p.p.m., an in- 


crease of 68 per cent after 6 hr. of the 
new feed. 

Figure 3 gives a comparison of three 
separate trials made with a substrate 
containing 50,000 p.p.m. of sodium 
chloride. The agreement between the 
three curves appears to be reasonable, 
considering the fact that both the sta- 
bilization and the testing method are 
biological in nature. 

Upon obtaining fairly constant 
3.0.D. reductions with the various 
saline concentrations in the waste as 
shown in Figure 2, the substrate was 
changed to plain lactose broth, free of 
sodium chloride. Figure 4 shows the 
effect of this change in substrate on the 
slime growths as measured in terms of 
B.O.D. reductions. In all cases there 
was a sharp drop in the B.O.D. re- 
movals, again indicating a shock effect. 
From those tubes which had been re- 
ceiving more than 20,000 p.p.m. sodium 
chloride there were again negative re- 
ductions, or contributions of B.O.D. by 
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the slime growths themselves. For the 
tube previously receiving 50,000 p.p.m. 
sodium chloride, the B.O.D. of the ef- 
fluent after 4 hr. of the new substrate 
was 165 per cent higher than the 
3.0.D. of the influent. The recovery of 
all tubes was rapid, with normal B.O.D. 
reductions again being obtained in 
about one day. It appeared that it was 
much easier for the slimes to become ac- 
climated to a salt-free feed than to a 
high salt feed. 


Saline Substrates 


The remainder of the study dealt 
with the development of slime growths 
from highly saline substrates. These 
substrates were made by mixing 
strained raw sewage, whey, and concen- 
rated sodium chloride solutions to give 
selected B.O.D. and sodium chloride 
concentrations. The tubes were first 
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cleaned of previous slimes by brushing 
and rinsing with tap water until they 
appeared thoroughly clean. 

In the first series, the salt concen- 
trations ranged from 100 p.p.m. to 
40,000 p.p.m. and the B.O.D. from 100 
p.p.m. to 21,000 p.p.m. Tube No. 1 
received 100 p.p.m. B.O.D. and 100 
p-p.m. sodium chloride. Tube No. 6 
received 100 p.p.m. B.O.D. and 40,000 
p.p.m. sodium chloride. The develop- 
ment of slime growths in these two 
tubes was rapid, as shown in Figure 5. 
The high salt feed did not affect the 
development as much as was expected, 
but a definite difference in the effective- 
ness of the filter growth is apparent. 
The remaining four tubes received 
B.0.D. loadings from 7,000 to 21,000 
p-p.m. and moderately high salt load- 
ings. Only a small amount of normal 
slime growth developed in these tubes, 
and any reductions in B.O.D. were er- 
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FIGURE 5.—Development of slime growths for high sodium chloride concentrations and 
various B.O.D. loadings. First test series. 


ratic. Growths that did develop were 
limited and appeared as small patches 
of white mold. At the end of 16 days 
no consistent improvement in the 
B.O.D. reductions were obtained and 
the test was terminated. 

The tubes were again cleaned by 
brushing and rinsing and a new series 
started. The B.O.D. loadings in this 
series ranged from 1,500 to 4,000 p.p.m. 
and the sodium chloride concentration 
from 2,500 to 40,000 p.p.m. Fairly 
normal slime growths developed and 
fair reductions in B.O.D. were obtained 
as shown in Figure 6. It was obvious 
that the B.O.D. loadings were again 
too high for good removals, although 
values up to 60 per cent were obtained. 


The effect of the high salt concentration 
is again apparent in the upper two 
curves. Both of these curves represent 
results from substrates of 1,500 p.p.m. 
B.O.D. but with different salt concen- 
trations. The high salt-content curve 
approaches the low salt-content curves, 
although a much longer time is indi- 
eated for a full development of the 
filter growth. 

Figure 7 illustrates the results ob- 
tained with feedings of weaker sub- 
strates. Again starting with cleaned 
tubes, loadings of 500 and 1,000 p.p.m. 
B.O.D. were made. High and low 
sodium chloride concentrations were 
used with each strength of waste. The 
two curves which represent the re- 
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duction in B.O.D. from the substrates 
with an oxygen demand of 500 p.p.m. 
show considerable variation. The 
highly saline waste required about 
seven days for the development of a 
good filter growth and satisfactory 
B.O.D. reductions, as compared to 
about two days for the weakly saline 
waste. The tube receiving the 40,000 
p.p.m. sodium chloride feed never did 
become as effective as the tube receiv- 
ing the lower chloride concentration. 
The two tubes receiving the substrate 
with an oxygen demand of 1,000 p.p.m. 
showed a similar pattern. The tube 
receiving 2,000 p.p.m. sodium chloride 
became stabilized in three days whereas 
the tube receiving 40,000 p.p.m. was 
not completely stabilized at the end of 
9 days. Again the B.O.D. reductions 
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for the latter tube were considerably 
below that obtained in the tube receiv- 
ing the low salt feed. 

The development of the slime growths 
in general was rapid. In the early 
part of the study, when using raw 
sewage, reductions in B.O.D. of ap- 
proximately 80 per cent were obtained 
in less than two days even though the 
slime growths appeared to be very 
slight. With synthetic wastes and 
whey-sewage mixtures the development 
was again rapid, and in some cases 
good B.O.D. reductions were obtained 
within 24 hr. 


Summary and Conclusions 


The 


wastes 


stabilization of highly saline 


by biological treatment appears 
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FIGURE 7.—Development of slime growths under reduced B.O.D. loadings of whey- 
sewage mixtures. 


to be feasible provided sharp changes 
in the sodium chloride concentration do 
not occur. Slime growths develop 
readily even with high salt concentra- 
tions in the waste if the B.O.D. loading 
is not excessive. The development of 
these growths from highly saline wastes 
are slower than from weakly saline 
wastes and the developed growths pro- 
duce somewhat lower B.O.D. removals. 

Filter growths that are developed 
from low salt content wastes suffer a 
shock effect when high salt content 
wastes are applied to them, but they be- 
come acclimated to the high salt diet 
in a relatively short period, usually 
from one to five days. Similarly, filter 
growths accustomed to high salt con- 
tent wastes show a shock effect when 
weakly saline wastes are applied, but 


they usually recover and become accli- 
mated to the new substrate within one 
day. Very high B.O.D. loadings to 
the filter tubes reduce the B.O.D. re- 
moval efficiency. Wastes with B.O.D. 
loadings in excess of 1,500 p.p.m. do not 
readily develop normal filter growths 
either in the presence or absence of 
sodium chloride. 
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TRACING TYPHOID CARRIERS BY MEANS OF 
SEWAGE * 


By Arnotp E. Greenserc, Ropert W. WICKENDEN, AND THEODORE W. LEE 


Respectively, Chief, Sanitation Laboratory, Senior Sanitary Engineer, and Associate Sanitary 
Microbiologist, Divisions of Laboratories and Environmental Sanitation, 
California Department of Public Health, Berkeley, Calif. 


The classical method of detecting and 
tracing typhoid carriers is by investi- 
gation of probable cases followed by 
analysis of individual fecal or rectal 
swab specimens. These procedures are 
complicated, time consuming and, more 
important, they require extensive con- 
tact with large numbers of people. A 
simplified, impersonal sereening pro- 
cedure for narrowing down the sus- 
pected area in which the carrier will 
probably be found would, therefore, 
be desirable. 

Moore (1), in 1948, developed such a 
procedure based on the analysis of 
flowing sewage at various points in a 
sewer system. Although Moore’s 
method has often been used successfully 
in locating carriers of enteric diseases 
in English communities, its use in the 
United States has been limited. It is 
the purpose of this paper to describe 
a field study in which Moore’s method 
was used to locate a typhoid carrier 
and to make some general remarks on 
the utility of the procedure. 


Experimental Method 
Site Selection 


There are many communities in 
which cases of typhoid fever occur 
sporadically. Unfortunately, it is fre- 
quently impossible to locate the source 
of the infection with the usually avail- 
able information, techniques, and per- 
sonnel. Portola, Calif., a town of 
about 2,200 people in the Sierra 


* Presented at the 1957 Annual Meeting, 
California Sewage and Industrial Wastes 
Assn.; San Diego, Calif.; May 1-4, 1957. 


Nevada Mountains, is such a com- 
munity. Over the past 20 years more 
than a dozen isolated cases of typhoid 
have been reported, the most recent 
having oceurred in the summer of 
1955. Preliminary discussions with 
city and county public health officials 
indicated an interest and enthusiasm 
for a detailed study of the carrier prob- 
lem. Local assistance was generously 
provided throughout the planning and 
execution of the investigation. 

Portola is situated near the head of 
a narrow mountain valley on the Mid- 
dle Fork of the Feather River. The 
older portion of town lies on the south 
bank, whereas the more recently de- 
veloped section is on the north side of 
the river. Topographically, both sides 
are hilly with well-defined drainage 
toward the river. 

In the older part of town, public 
sewers were first provided about 1900. 
In 1949 a new system, including sew- 
ers, an underwater river crossing, a 
pumping station, and a primary treat- 
ment plant, was installed. At the same 
time, sewers were extended to serve the 
entire community. Connections be- 
tween the old and new systems were 
made in certain places. 

Planning with respect to the site re- 
quired an engineering analysis of the 
sewer system. After inspection of the 
available maps, a field party examined 
the system in order to verify the loca- 
tion of sewers and the accessibility of 
manholes that were to be used as sam- 
pling points. Buried manhole covers 
were located with the aid of a mine de- 
tector and were dug up. Dye studies 
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to determine the direction of flow in 
certain sewers were necessary because 
of the lack of adequate information on 
the connections between the old and 
As a result of this pre- 
liminary work, a final corrected map 
(Figure 1) was prepared. 


new systems. 


Sampling Procedure 

According to Moore (1), the proce- 
dure of choice is to begin sampling at 
the most distant point in the system 
and to work back, ultimately reaching 
individual household connections. Be- 
cause the interest was in completing the 
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study quickly, it was decided to sample 
daily from as many points as possible. 
The division of the town into two 
roughly equal portions connected by 
a single sewer which crosses from the 
north to the south side of the river 
made it desirable to collect samples 
from each side on alternate days. In 
addition, samples from the treatment 


plant and manholes Nos. 1 and 108 
were sampled daily. 
The swabs were prepared in the 


following manner: A piece of surgical 
gauze was folded into a pad of eight 
thicknesses, 6 in. by 6 in. square. To 
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each swab was attached a length of 
string. The swab and string were 
packaged in paper bags, sterilized, and 
thus made ready for use. To insert a 
swab into a sewer, a stick or nail was 
driven into a crevice in the manhole, 
the swab was aseptically removed from 
its wrapping, the free end of the string 
was attached to the stick so that the 
swab was half immersed in the flowing 
sewage, and the manhole cover was re- 
placed. After 24 or 48 hr. or longer, 
the swabs were carefully withdrawn, 
placed in sterile widemouth bottles, and 
returned to the laboratory for analysis. 

In addition to swab samples, scrap- 
ings from grease deposits were removed 
for analysis. Seouring, due to the high 
velocities in many sewers, prevented 
the accumulation of appreciable quanti- 
ties of grease. In these instances the 
sewer walls were wiped with a sterile 
swab, which was then analyzed in the 
same fashion as the regular swab sam- 
ples. 


Laboratory Procedure 


Because it was unknown how long 
pathogenic enteric bacteria might sur- 
vive on a swab, provisions were made 
to have all samples analyzed within 
2 hr. after collection. This was accom- 
plished by using a mobile laboratory 
equipped to isolate and provisionally 
identify typhoid bacteria. Complete 
biochemical and serological identifica- 
tion was made. After some weeks of 
sampling, duplicate swabs were taken; 
one was analyzed immediately, whereas 
the second was analyzed after 24-hr. 
storage in an ice chest. 

The isolation procedure of choice was 
to cover the swab with Selenite F en- 
richment broth and, after appropriate 
incubation, to streak on bismuth sulfite 
agar. Typical typhoid colonies were 
picked and inoculated into triple sugar 
iron agar. Cultures producing a typi- 
eal reaction were tested on urea agar 
and those showing no urease activity 
were sent to the bacteriology laboratory 
for further testing. 
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Results 


Salmonella typhi was isolated from 
the first swab sample taken from the 
sewage treatment plant. Although this 
did not help in locating the source of 
the infection, it did provide encourage- 
ment in that it gave evidence of the 
presence of a carrier on the system and 
that the technique was capable of re- 
covering the organisms from sewage. 
Five days later a grease sample from 
manhole No. 157 was positive, and two 
days thereafter manholes Nos. 108, 109, 
and 166 yielded positive swabs. Be- 
cause manholes Nos. 166 and 157 are 
adjoining, and because manholes Nos. 
108 and 109 are on the main trunk 
sewer draining that area, the section 
tributary to the sewer at manhole No. 
166 was suspected. 

In two weeks of sampling on the 
north side of the river positive findings 
were never obtained; therefore, sam- 
pling was discontinued there except at 
manhole No. 1. This made possible 
more intensive sampling of the sus- 
pected area. During a second two- 
week period the organisms were traced 
back as far as manhole No. 155, but 
not to manhole No. 154 or No. 159. 
By carefully placing swabs so as to 
separate the two flows entering man- 
hole No. 155 it was found that the 
typhoid organisms entered the sewer 
between manholes No. 155 and No. 159. 
This finding permitted focusing atten- 
tion on the 25 houses connected to the 
sewer between these manholes. 

Following the example set by 
Kwantes and Speedy (2), household 
investigations were made by placing 
swabs in the toilets of the houses in- 
volved. Before any attempt was made 
to enter the houses the householders 
received a letter from the local health 
officer indicating what was being done 
and why. In general, this approach 
led to good cooperation. Forty-eight 
hours after the swabs were placed in 
the toilets they were removed and 
analyzed. The toilet in only one house, 
that occupied by an elderly man living 
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alone, was positive for 8. typhi. Anal- 
ysis of stool specimens provided by this 
individual confirmed that he was the 
carrier. Indeed, his feces were almost 
a pure culture of S. typhi. 

Phage typing of the typhoid bacteria 
isolated from all 
showed that the organisms were identi- 
cal; that is, all were atypical members 
of phage group D. Subsequent studies 
demonstrated these to be a phage type 
deseribed by Scholtens (3) as Utrecht 
IX. 


sampling points 


Discussion 


Requests are often received in health 
department laboratories to assist in the 
location of typhoid carriers or, more 
frequently, to simply demonstrate the 
presence of enteric pathogens in sew- 
Although such organisms have 
isolated on numerous 
(4), this has usually been accomplished 
in a haphazard fashion due to the use 
of grab samples. Furthermore, because 
carriers of enteric disease do not usu- 
ally discharge the organisms in their 
feces regularly, but rather on an un- 
predictable intermittent basis, unless a 
relatively large number of cases or car- 
riers is present in a community, recov- 


age. 


been occasions 


ery of the organisms from sewage may 
be impossible. 

Moore’s method (1) will monitor a 
sewer during the entire period that 
Theoretically, all 
organisms present in the sewage which 
contacts the swab will be concentrated 
on it, principally by mechanical means. 
This concentration may be compared to 
the effect of the ‘‘schmutzdecke’’ on a 
slow sand filter where the accumulation 
tends to ef- 
remove microorganisms and 
particulate matter. Thus, in- 
stead of a grab sample that bears no 
relationship to the flow or to the ex- 
cretory habits of the carrier, the swab 
provides an approximation of a com- 
posite sample. This means that 
smaller and fewer samples would have 
to be examined. 

In the event that a specific problem 


the swab is exposed. 


of slimes, 
ficiently 
other 


greases, ete., 


also 
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is to be investigated, there obviously 
can be little choice in the selection of 
the However, detailed and ac- 
eurate information on the location and 
accessibility of manholes and on the di- 
rections of flow in sewers is essential. 
the is carefully studied 
from an engineering point of view the 
laboratory results, even though they 
show the presence of enteric pathogens, 
may be of little value in tracing the 
carrier. 

The sampling procedure itself is rela- 
tively simple and_ straightforward. 
The major question relates not to how 
or where to sample, but rather to how 
leave the swab immersed in 
Various investigators have 
left the swabs in place for from one to 
seven days. None have been able to 
show clearly any technical advantage 
exposure time. Convenience 
alone may dictate what this should be. 
Too long an exposure time will lead, 
however, to dirty swabs 
and, in small sewers, there may be a 
sufficient accumulation of material 
around the swab to effectively block the 
This obviously should be 


site. 


Unless site 


long to 
the sewage. 


to any 


excessively 


sewer. 
avoided. 

Another hazard mentioned by 
Kwantes and Speedy (2) was the loss 
of swabs due to the activity of rats 
which gnawed through the supporting 
string. To overcome this they used 
picture wire instead of string. In the 
work reported here not a single swab 
was lost from this or any other cause. 

When manholes are entered to collect 
samples, care must be taken to prevent 
contamination of the swab. This is 
especially important when an attempt 
is being made to separate the flow of 
several sewers entering a common man- 
hole. Grease samples may be collected 
in any convenient manner, provided 
aseptic technique is observed. 

A total of 817 samples was analyzed. 
Of these, 18 were positive for S. typhi; 
287 swabs were analyzed in duplicate. 
Of those analyzed immediately, 4 were 
positive; of those analyzed after 24 hr., 
5 were positive. Although the number 
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of positive swabs obtained either way 
is too small to permit significant con- 
clusions to be reached relative to the 
need for immediate examination, the 
indications are that a delay of 24 hr. 
before analysis will not appreciably af- 
fect the end results. 

Another question which cannot be 
answered with assurance is the relative 
value of swab vs. grease vs. wipe sam- 
ples. Previous experience with grease 
deposits in sewers and on _ beaches 
showed that large numbers of various 
Salmonella species survived for several 
months in such deposits. If this ob- 
servation can be confirmed it may sug- 
gest an even more desirable sampling 
procedure than by means of swab anal- 
ysis, as the grease may accumulate over 
a long period of time and, hence, reflect 
past as well as current presence of 
enteric pathogens. The same obviously 
holds true for sewer wipe samples. It 
is hoped that further work along these 
lines will provide more definite answers. 

Phage typing serves to differentiate 
strains of a single species; therefore, it 
is an essential part of the analysis of 
the typhoid organisms isolated in this 
way. This has been pointed out by 
Moore (1) and others (5) (6) (7). 

In this study phage typing proved 
invaluable in providing confirming epi- 
demiological information. The phage 
type Utrecht IX had previously never 
been observed in this country (8). 
This immediately led to a search for an 
individual who came from Holland, 
where the type was first found, or for 
someone who had had significant con- 
tact with Dutch people. The carrier 
who was identified by the toilet swab 
procedure had been raised in Europe. 
About 50 years ago he lived in a house 
in which occurred at least one case of 
typhoid fever among Dutch nationals. 
Unknown to him he had become a 
carrier and had presumably been shed- 
ding the organism all these years. 

In still another way did the phage 
typing assist in the final location of the 
carrier. During a brief period, a num- 
ber of positive swabs were recovered 
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from manhole No. 156, into which 
drained the hospital sewer. No other 
sampling points yielded positive re- 
sults during that time. As before, the 
phage type was Utrecht IX. Because 
of the uniqueness of this phage type, a 
single source was suspected. These 
facts, baffling at first, caused investiga- 
tion of the connection between the pa- 
tients and staff of the hospital and the 
residents of the 25 suspected homes. 
It was found that the carrier had been 
hospitalized during this period for rea- 
sons unrelated to typhoid fever. Thus, 
it was possible to explain the results. 

It is clear that the sewage swab tech- 
nique, or a combination of it with the 
household survey type of study con- 
ducted along classical epidemiological 
lines, led to the same individual. To 
have used only the epidemiological sur- 
vey would have increased the amount 
of medical and nursing work enor- 
mously. It would have been necessary 
to examine some 2,200 people instead 
of one who had been singled out by the 
sewage swab test results. 

The technique of sewage sampling 
described here can readily be adapted 
to the study of other sewage-borne or- 
ganisms. <As early as 1916 Brown, 
Petroff, and Heise (9) used a similar 
procedure for the recovery of tubercle 
bacilli in the effluent and receiving 
stream of the Trudeau Sanatorium in 
New York. More recently, Kelly and 
coworkers (10) used it for recovering 
Coxsackie virus, tuberele bacilli, and 
enteric pathogens from sewage. It can 
likewise be used in attempting to 
demonstrate sewage contamination of 
streams or lakes. If isolations of any 
enteric pathogens are made, the results 
are more immediately useful than coli- 
form counts, inasmuch as real, not po- 
tential, hazards are demonstrated. 

The methods and the results of the 
present study also have significance for 
sewage treatment plant operators in 
that it may now be possible to better 
evaluate the hazard to them in han- 
dling sewage. Gainey and Lord (11) 
in 1952 estimated that there are 40 to 
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50 typhoid earriers per 100,000 popu- 
lation. Undoubtedly the carrier rate 
has decreased as the incidence of the 
frank disease has decreased. Nonethe- 
less, there may be sufficient carriers to 
produce a hazard to those coming in di- 
rect contact with sewage. Kehr and 
Butterfield (12), for example, 
mated that the ingestion of a single 
typhoid bacterium is sufficient to cause 
disease in 1 per cent of persons ex- 
posed. Therefore, typhoid and, pre- 
sumably, other enteric infections should 
be recognized as a definite occupational 
hazard for operators. Swab or wipe 
samples taken at the plant may be used 
to assess this hazard. 


Summary 


An application of the sewage swab 
procedure as developed by Moore has 
been described. In this procedure 
gauze swabs are suspended in sewage, 
suitably exposed, and cultured for en- 
teric or other pathogenic organisms. 
Following the organisms through a 
sewer system to household connections 
and into house toilets is possible. By 
means of this technique a typhoid car- 
rier was identified in a town of 2,200 
people. 

Application of this procedure to the 
study of sewage discharges to relatively 
pure water has been mentioned. Use 
of the sewage swab in assessing the 
health hazards to sewage treatm. nt 


plant operators has also been suggested. 
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NUTRITIONAL REQUIREMENTS OF NINE COMMON 
SEWAGE FUNGI 


By Wm. BripGe CooKE 


In Charge, Fungus Studies, Robert A. Taft Sanitary Engineering Center, USPHS, 
Cincinnati, Ohio 


An increasing amount of information 
is being compiled concerning the nu- 
tritional requirements of certain species 
or groups of fungal species. Such 
studies are usually confined to fungi of 
importance to a specified field of in- 
vestigation such as commercial applica- 
tion, plant or human pathology, or com- 
parative physiology. 

Textbooks of fungus physiology (1) 
(2) describe the basic vitamin require- 
ments and the types of sources for car- 
bon and nitrogen which are metabolized 
by various fungi. Such fungi include 
those which have been used in extensive 
tests, and those about whose require- 
ments and tolerances pertinent infor- 
mation is required for control for pro- 
duction of industrial products, or for 
use in assays of various chemical im- 
purities, vitamin or antibiotic products. 
In addition, limited information con- 
cerning fungus nutrition is available in 
texts on industrial microbiology (3) (4) 
(5), and on mycology (6) (7). 

Within the last 15 years research in 
this field has been given considerable 
impetus at the level of both general 
physiology and nutrition, in relation to 
the production specialist interested in 
increasing the output of specified prod- 
ucts, and to the deterioration special- 
ist interested in controlling unwanted 
growth of fungi on various types of 
agricultural or manufactured products. 

In a recent review covering the vita- 
min requirements of fungi (8), empha- 
sis has been placed on the information 
which was available in 1942. The 
writers considered especially the ability 
of a fungus to synthesize vitamins es- 


sential for their metabolic processes. 
Either this ability of a fungus is com- 
plete, incomplete or absent. A vita- 
min deficiency may be complete, partial 
or conditioned. Complete and partial 
deficiencies may be observed in certain 
species and these may be single if they 
are for one vitamin, or multiple if they 
are for more than one. Only two of the 
fungi to be discussed were mentioned 
in a species-by-species review of many 
filamentous fungi representing all 
classes. Fusarium oxysporum was 
found (8) to grow well in its first pas- 
sage in mineral sucrose medium to 
which KNOg or had been 
added. Dematium pullulans growth 
(8) in mineral dextrose medium plus 
NH,NOxz was accelerated by the addi- 
tion of camomile extract, and it also 
grew well in a mineral dextrose medium 
plus asparagine, with no effect noted 
after the addition of thiamine or an 
intermediate compound. Thus in 
neither case was the addition of vita- 
mins required; both could be consid- 
ered to have complete vitamin synthetic 
ability. 

Bobrov (9) reported on the nutri- 
tion of Geotrichum candidum as one of 
the techniques used to find out whether 
specific variation occurred in the group 
of 15 cultures which were compared. 
These strains were isolated from a num- 
ber of cases of human pulmonary dis- 
ease as well as from various types of 
deteriorating natural materials. Aux- 
anographic analyses were made with a 
basal medium containing 2 per cent 
each of glucose and agar for the nitro- 
gen series and 0.5 per cent (NH4)2SO,4 
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instead of glucose for the carbon series. 
In both series 0.1 per cent KH2PO, and 
0.05 per cent MgSO, were added. In 
cases where ammonium sulfate was un- 
available to the fungus, an amino acid 
such as arginine, found suitable in the 
nitrogen study, was substituted in the 
same strength as ammonium sulfate. 

Of the 15 strains tested, 13 gave good 
to excellent and dense growth in the 
presence of l-asparagine, ammonium 
sulfate, and urea as sole nitrogen 
sources, while growth was not obtained 
on either ammonium nitrate, calcium 
nitrate or potassium nitrate. In ad- 
dition, zones of inhibition were formed 
in some cases around crystals of po- 
tassium nitrate when this chemical was 
added to the medium in crystalline 
form. 

All of the 15 strains tested gave mod- 
erate to good growth on glucose and 
d-levulose as sole carbon sources. When 
d-xylose and d-mannose were employed, 
13 of the 15 cultures studied gave mod- 
erate to good growth. Only 3 of the 15 
cultures gave any growth on starch 
and this was poor to moderate depend- 
ing on the culture, while on lactose 2 
of the 15 strains gave only poor growth. 
No growth was obtained on sucrose. 

According to all texts on fungal nu- 
trition, most fungi require carbohy- 
as their usual carbon source. 
Some species are able to metabolize 
pentoses, many prefer hexoses, some 
disaccharides, and some tolerate poly- 
saccharides such as cellulose and starch. 
Occasional species can grow in the pres- 
ence of carbon containing compounds 
when carbohydrate sources are lacking. 
These include proteins, keratin, some 
organic acids, and some kinds of fats. 
The second most important element re- 
quired by fungi is nitrogen, partly be- 
sause it is a fundamental constituent 
of protoplasm, and partly because it is 
one of the elements in the chitin of the 
fungus cell wall. 

Robbins (10) has proposed four 
groups of plant-like organisms based on 
their ability to utilize various sources 
of nitrogen. Group I grows in the 


drates 


SEWAGE AND INDUSTRIAL WASTES 


November, 1957 


presence of molecular nitrogen as well 
as other forms of nitrogen, and gen- 
erally is not found among the fungi. 
Group 1V grows only on organic ni- 
trogen substrates, while Group III in 
addition to organic nitrogen can metab- 
olize ammonium salts, and Group II 
develops on these two and on nitrates. 

Most fungi require the same series 
of minerals in their nutrition as do all 
living things. Phosphorous, potassium, 
magnesium, and sulfur are most impor- 
tant among these, and most synthetic 
media as well as many natural and 
semisynthetic media include them in 
their formulae. Chemicals used in 
preparation of synthetic and semisyn- 
thetic media contain as impurities sub- 
stances which carry adequate amounts 
of these elements as well as the numer- 
ous trace elements required for ‘‘nor- 
mal’’ growth and appearance. 

The fungi chosen for the study re- 
ported herein include the same series of 
species used in earlier work (11) (12). 
Their distribution has been discussed 
in the check-list of fungi in sewage and 
polluted water (13). Because of the 
prevalence of these fungi in sewage and 
polluted water, because of the ability of 
some to utilize special wastes in water 
in competition with other organisms 
(14), and because some, if not all, form 
important segments of the slimes on 
trickling filters and the sludge in ac- 
tivated sludge, it was thought desirable 
to learn something of their nutritional 
requirements in pure culture. 


Procedures 


The procedures used in the series of 
studies on which the following results 
are based were essentially those out- 
lined in the chapter on ‘‘Suggested 
Laboratory Exercises’’ in the text on 
fungus physiology by Lilly and Bar- 
nett (1). Certain modifications in sug- 
gested techniques will be discussed 
here. Except for such stock solutions 
as micro-elements and vitamin solu- 
tions, all media were prepared the day 
before inoculations were made. Glass- 
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ware was thoroughly washed with acid- 
chromate solution before nutrition in- 
cubation experiments were set up. 

Stocks of inoculum for the experi- 
ments were prepared by inoculating a 
small amount of spores in 100 ml. of 
phytone-dextrose broth and shaking for 
three days. The growth was filtered 
through a membrane filter, the nutrient 
solution discarded, and the mycelial 
mat resuspended in 100 ml. of sterile 
distilled water. The mycelial pad thus 
obtained was broken up in a sterilized 
Waring Blendor for 30 see. ‘at high 
speed and stored in the refrigerator 
until needed. For Geotrichum candi- 
dum and Margarinomyces heteromor- 
phum, the growths included mostly sin- 
gle cells rather than mycelial masses so 
that blending was unnecessary. To 
prepare inoculum from these suspen- 
sions, 10 ml. of the suspension was 
added to 100 ml. of distilled water and 
1 ml. of the resulting suspension was 
used as inoculum. 

Rather than flasks, 100-ml. square 
dilution bottles with plastic serew caps 
were employed for ineubation of cul- 
tures. ‘Twenty-five milliliters of the 
nutrient solution was inoculated with 1 
ml. of cell or spore suspension, the bot- 
tles coded, laid on their sides in stacks, 
and allowed to ineubate at room tem- 
perature and light for at least two 
weeks. Harvests were made after 2, 
5, 7, 9, 12 and 14 days by collecting the 
mycelium on tared Gooch crucibles 
which were then oven-dried and 
weighed to obtain the dry weight of 
material produced by the fungus. 
Room temperatures varied between 20° 
and 25° C. during the period of the 
study. 

Three principal types of nutritional 
requirements were studied. Vitamin 
requirements were considered first and 
were followed by carbon and nitrogen 
assimilation experiments. For vitamin 


requirements, inocula which had been 
stored in sterile distilled water were 
added directly in the first two sets of 
In these tests the glassware 


studies. 
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was triple washed with acid-chromate 
solution, once after use and twice be- 
fore use. In the third test the glass- 
ware was washed with acid-chromate 
solution after use and rinsed with dis- 
tilled water before use. The fungi 
were grown for three passages through 
media of the same composition (but 
without the vitamins) as that in which 
the fungi were to be exposed before 
being inoculated into media containing 
vitamins in the third test. 


Results 


The results of this series of experi- 
ments are given in Table I. In this 
table the fungi are compared within the 
species rather than between species 
since each species produced a different 
type of maximum growth. Amount of 
growth is coded numerically: 4 repre- 
sents excellent and dense growth, 3 
represents good growth, 2 represents 
moderate growth, 1 represents poor 
growth, the plus sign (+) indicates 
that some growth was visible, 0 repre- 
sents no growth and the letters NT 
indicate that the fungus was not tested 
in a particular chemical. Results with 
the different types of nutrients studied 
will be described for each nutrient- 
type studied, and for each fungus 
studied. 


Vitamins 

The vitamins assayed in these tests 
included thiamine, biotin, inositol, and 
pyridoxine. In addition to being tested 
separately, thiamine and biotin were 
assayed together and in the same me- 
dium with the other two. Fusarium 
aquaeductuum was found to be deficient 
for thiamine, and Pullularia pullulans 
for biotin. Otherwise good growth was 
obtained in all cases tested. Sometimes 
when thiamine and biotin were com- 
bined, growth was depressed, as it was 
when all four substances were assayed 
in the same solution. Again growth 
was speeded up. Dr. V. G. Lilly has 
indicated that when multiple vitamins 
are tested in an experiment under cer- 
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TABLE I.—Growth of Fungi on Various Vitamin, Nitrogen, and Carbon Sources 


Nutrients 


33 
Vitamins: 
Thiamine +- 
Biotin 
Thiamine + Biotin 3 
Thiamine, Biotin, Ino- 
sitol, Pyridoxine 3 
Nitrogen: 
l-Asparagine 
(NH,).SO, 2 | 
NH,NO; | 
KNO; 3 
NaNO, | | 
Urea 3 
Carbon: | 
Xylose 2 
Glucose 
Mannose 
Fructose 2 
Sucrose 4 
Lactose 
Soluble Starch 
Other: 
Amy] acetate l 
Tannic acid + 
Phenol 0 


Indulin A l 


um 


Fusarium 


TABLE II.—Nitrogen Utilization 


Nitrog 
Fungus 
N NO 
Fusari im aquaeductuum = 
Fusari im oxysporum xX 
Geotrichum candidum 
Penicillium lilacinum 
Penicillium melinii xX 
Penicillium ochro- 
chloron x 
Pullularia pullulans x 
Maraar inomyces hetero- 
morphum xX 
Trichoderma viride 


4 
4 
3 
3 
} 4 
3 
2 o 
3 1 
2 
1 
2 T 
0 0 
1 
en Source 
| Or- 
NH; | 
Only 
xX x 
xX X 
x x 
xX xX 
xX xX 
xX x 
xX 
x xX 
xX xX 


Fungi 


‘= > 
| ss | 33 
4 | 4 
4 4 + } 
1 3 NT 3 3 3 
3 { 3 3 4 } 
3 3 3 3 
3 4 l 3 4 4 
3 NT 3 
} 3 NT 3 4 3 
4 4 4 | 4 
4 4 4 } 4 2 
3 2 3 
l 3 3 3 1 2 
l + l 
4 4 3 4 4 
0 0 0 0 0 0 


tain conditions growth is depressed to 
some extent. 


Nitrogen 


None of the fungi grew in the ab- 
sence of nitrogen in the medium (Table 
Il). Thus none of these fungi can 
utilize atmospheric nitrogen. Geotri- 
chum candidum did not grow in the 
presence of potassium nitrate or so- 
dium nitrite as sole nitrogen sources. 
Growth of this fungus was very poor 
in the presence of ammonium nitrate as 
a sole nitrogen source. In the ease of 
Fusarium aquaeductuum, growth was 
moderately poor in the presence of am- 
monium sulfate or ammonium nitrate 


; 
| 
& 
| 
| 
= 
| 
| 
| 
- 
| 


Vol. 29, No. 11 


as sole nitrogen sources. Geotrichum 
candidum thus falls in Type III of the 
Robbins nitrogen utilization types 
while the remainder fall in Type II. 


Carbon 


In the absenee of organie carbon 
sources, growth in all cases was weak. 
This indicated the presence of small 
amounts of contaminating substances, a 
certain amount of growth based on 
autolysis, and the inability of the fungi 
under consideration to utilize atmos- 
pherie or dissolved carbon dioxide as a 
carbon source. 

Lactose was metabolized weakly or 
not at all by Fusarium aquaeductuum, 
Geotrichum candidum, Penicillium lila- 
cinum, P. melinii, and Margarinomyces 
heteromorphum. It was metabolized 
only moderately by Pullularia pullu- 
lans. Geotrichum candidum, Penicil- 
lium melinti and Pullularia pullulans 
grew weakly in the presence of soluble 
starch and Trichoderma viride only 
moderately. All species tested grew 
equally well in glucose and sucrose ex- 
cept Geotrichum candidum which grew 
in sucrose only about half as well as in 
elucose, in contrast to strains studied 
by Bobrov (9) which did not grow in 
sucrose. Glucose, xylose, fructose, and 
mannose were about equally available 
to the fungi tested. Fusarium aquae- 
ductuum and Trichoderma viride grew 
most poorly on xylose and took longer 
to make their maximum growth on this 
carbohydrate. Levulose was not rap- 
idly nor readily available to Fusarium 
aquaeductuum. 

In parallel with one set of carbon 
sources, cellulose was tested. Cellulose 
was made available as filter paper 
which had been chopped finely in the 
Waring Blendor. Approximately 80 
mg. of chopped filter paper were added 
to each dilution bottle. Growth was 
observed in all cases especially by the 
middle or toward the end of the period 
of observation. Fusarium aquaeduc- 
tuum, Geotrichum candidum, and Mar- 
garinomyces heteromorphum showed no 
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TABLE III.—Growth of Fungi on Motor Oil 


Ratio of Growth 


Fungus in Oil to Growth 
in Glucose 

Fusarium aquaeductuum 2.49 
Fusarium oxysporum .60 
Geotrichum candidum 6.18 
Penicillium lilacinum 7.58 
Penicillium melinii ode 
Penicillium ochro-chloron 64 
Pullularia pullulans 51 
Margarinomyces hetero- 

morphum 3.96 
Trichoderma viride .68 


indication, on a dry weight basis, that 
they were able to use cellulose in this 
form. 


Hydrocarbons 


Using the technique and medium 
suggested by Reese, Cravetz, and Man- 
dels (15), an attempt was made to 
compare the growth in shaken liquid 
culture of the same series of fungi with 
growth on glucose and on S.A.E. No. 
20 motor oil. In the medium suggested, 
the sole carbon source on the one hand 
was 0.5 g. of glucose per 50 ml. of solu- 
tion, and on the other, 0.5 g. of motor 
oil. The solution and emulsion were 
autoclaved, pairs of flasks were inocu- 
lated with 1 ml. of spore or cell suspen- 
sion, and were shaken for 120 hr. at 
150 oscillations per minute. At the 
end of that time the material in the 
shaker flasks was filtered through tared 
Gooch crucibles, oven dried, and 
weighed. Table III compares the 
amount of dry weights obtained in the 
two types of media on the basis of the 
ratio of growth in oil to that in glu- 
cose. Ratios were calculated as aver- 
ages of pairs of determinations. 


Other Carbon Sources 


In separate studies using other car- 
bon sources results were variable. Amy] 
acetate was tried in one series because 
excellent fungus growth had been ob- 
served along a stream carrying waste 
materials including this substance. 
Phenol, tannic acid, and Indulin A 
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were also employed as possible carbon 
source materials. In the case of In- 
dulin A, if growth occurred it may 
have been on impurities or on small 
fractions of material split off during 
autoclaving. In addition to using these 
materials, the basal medium was modi- 
fied to exclude vitamins in one case and 
mineral salts in another. These three 
types of medium were used in parallel 
for each of the four carbon sources 
amyl acetate, phenol, tannic acid, and 
Indulin A. In general, less than half 
as much to as much growth was ob- 
tained in the vitamin-free medium as 
in the medium with vitamins. Very 
little, if any, growth was obtained in 
the absence of mineral salts. 

In addition to the summary pre- 
sented in Table I a species-by-species 
analysis of nutrition requirements is 
given in the Appendix. This will point 
up some variations and differences not 
readily observed in Table I. 


Discussion and Conclusions 


In nature, a number of nutritional 
16) of fungi oeeur. All 


groups nu- 
tritional groups are not yet fully 
elucidated. It has not been ascertained 


whether a member of one nutritional 
group could become a member of an- 
other group in the absence of specific 
elements or compounds. Under some 
conditions, highly specialized groups of 
fungi have developed in which the 
have dependent on 
other organisms for particular nutri- 
ent factors. Thus the fungus of the 
fungus-alga association ealled a lichen 
cannot produce its own vitamin supply 
but is totally dependent on the alga 
for its vitamin nutrition. Parasitic 
fungi, whether they are pathogens of 
plants, animals or man, have 
dependent, at least in their parasitic 
stages, for various nutrients including 
carbohydrates and nitrogen. 

It has been noted that only 2 of the 9 
species of fungi tested are deficient for 
part of their vitamin requirements. 
Fusarium aquaeductuum can grow in 


species become 


become 
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the absence of thiamine when biotin is 
present, and the inverse is true for 
Pullularia pullulans. On the basis of 
growth on the sampled trickling filters, 
there is no evidence that these fungi 
are dependent on other organisms for 
the vitamins in which they are ap- 
parently deficient. 

Most of the nitrogen and carbon 
sources required by the tested fungi 
can be expected to be present in sewage 
and polluted water either as a natural 
part of the pollution or as degradation 
products resulting from the metabolic 
activities of other organisms acting on 
The fact that 
many fungi cannot metabolize nitrates, 
have difficulty in using ammonium 
salts, and cannot recover carbon from 
lactose does not imply that such sub 
stances, if present, cannot be broken 
down in passage through sewage treat- 
ment plants or in streams, since other 
present may be able to 
metabolize them. All the fungi tested 
have a wide range of ability to metab 
olize organie waste materials and thus 
contribute to the degradation of dis- 
solved and settleable materials. The 
tested fungi, as well as others with dif- 


various substances. 


organisms 


ferent ranges of tolerance for pollutant 
materials, are thus contributing to the 
removal of such materials whether this 
the stream or in 
treatment plant. 

The results of the study reported 
above indicate that there is a definite 
group of filamentous fungi which ean 
become acclimated to an aquatie en- 
vironment. Such fungi, usually con- 
sidered to be members of the natural 
populations of soils and decaying ma- 
terials, and usually thought to be in- 
active under water-logged conditions of 
environments, have become nat- 
urally adapted to the highly specialized 
environment of the sewage treatment 
plant through ready availability of. nu- 
trients, and an apparently more favor- 
able level of competition for that food 
supply. While such a population ap- 
pears to have been developed by strain 


oceurs in a sewage 


such 
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selection from soil inhabiting ancestors, 
there is no indication that the majority 
of species in the group could not return 
to an existence in the soil at any time. 
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APPENDIX—VITAMIN, NITROGEN, AND CARBON NUTRITION OF 
NINE COMMON SEWAGE FUNGI 


Fusarium aquaeductuum 


Vitamins—Deficient for thiamin. 

Nitrogen—Growth rather slow but 
good in asparagine, potassium nitrate, 
urea and sodium nitrite; growth poor 
in ammonium sulfate and ammonium 
nitrate. 

Carbon—Growth slow but good in 
glucose, sucrose, mannose and soluble 
starch ; growth poor in xylose, levulose, 
and lactose; growth weak in amyl ace- 
tate and Indulin A; no growth in 
phenol or tannie acid. 


Fusarium oxysporum 


Vitamins—Growth good on all 
media. 

Nitrogen—Good growth on all sub- 
strata but best on asparagine. 

Carbon—Growth good on all sub- 
strata but growth on lactose slower and 
on xylose not as good as on other car- 
bon sources used. Weak concentrations 
of amyl acetate and Indulin A were 
used, and no growth was recorded on 
phenol. On tannic acid growth was not 
evident until after 10 days and the 
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curve was still ascending when the ex- 
periment was discarded after 15 days. 


Geotrichum candidum 


Vitamins—Growth good and rapid 
on all media, the peak being reached 
in two days in contrast with other 
fungi whose growth peak not 
reached for 5 to 7 days. 

Nitrogen—Good growth on aspara- 
and fair 


was 


eine 


urea; growth on am- 
monium sulfate and ammonium 
trate; no growth on potassium nitrate 


and sodium nitrite. 

Carbon—Good growth on 
xylose, mannose, and levulose; 
crowth on sucrose; no growth on lae- 
tose and soluble starch. Fair growth 
was obtained on amyl acetate and In- 
dulin A, but no growth on phenol or 
tannie acid. 


olueose, 


poor 


Margarinomyces heteromorphum 


Vitamins—All vitamins tested were 
used with about equal vigor but peak 
growth was not obtained until after 9 
to 12 days. 

Nitrogen—Asparagine and 
nium sulfate were metabolized 
vigorously but growth was good on all 
nitrogen sources tested. Again peaks 
were not obtained until after 9 to 12 
days of incubation. 

Carbon 


ammo- 
most 


No growth occurred in lae- 
crowth soluble 
starch; and good growth was obtained 


tose : weak in 


was 
on Other carbon sources after 7 to 9 
days. Amyl acetate gave fair growth, 
Indulin A weak growth, and phenol 
and tannie acid no growth. 


Penicillium lilacinum 


Vitamins—Good growth on all media, 

the peak being reached in five days. 
Nitrogen erowth on all ni 

used. Growth 


Good 


trogen sourees was 
weakest on ammonium sulfate and am- 
monium nitrate, best on asparagine. 
Carbon—Good growth on all carbon 
sources tested except lactose. It should 
be noted that no significant growth on 


lactose was recorded during the first 12 
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days of incubation but that on the 14th 
day as much growth was recorded for 
this fungus as for its growth on any of 
the other carbon sources at the end of 
five days. Fair growth was noted on 
amyl acetate and Indulin A, but no 
growth was recorded on phenol or tan- 
nie acid. 


Penicillium melini 


Vitamins—-Growth was good on all 

vitamins and combinations tested. 
Nitrogen and ammo- 
growth al 


though the latter was used more slowly ; 


Asparagine 
nium nitrate gave good 
sodium nitrite was used slowly and 
gave fair growth at the end of 14 days. 
Carbon—Lactose and xylose were not 
Good 
obtained on the other carbon sources 
used. Growth was fair on amyl ace- 
tate, very little occurred on Indulin A, 
and none on phenol or tannic acid. 


used appreciably. growth was 


Penicillium ochro-chloron 


thiamine and _ biotin 
used separately, growth peaks occurred 
When 
two vitamins were used together, and 
when inositol and pyridoxine 
added, the peaks were slightly higher 
and oceurred at the end of only two 


] 
days. 


Vitamins—On 
at the end of five days. these 
were 


Growth on all substrata 


was good but growth 


Nitrogen 
was best on as 
paragine. 
Carbon—All 
erowth 


substrates 
but the eulture on lactose re- 
quired seven days to reach a peak while 
the other 
reached a peak in five days. 


fave 


those on carbon sources 
Growth 
was weakest on soluble starch but the 
peak was not greatly different from 
those on other media. Fair growth was 
obtained on amyl acetate and Indulin 
A, and good growth was recorded on 
tannie acid. 
phenol, 


No growth oceurred on 


Pullularia pullulans 


Vitamins—Deficient for biotin 
growth good on other substrata. 


but 


|| 
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Nitrogen—Growth was not as luxuri- 
ant as in the other species tested but 
this may be attributable to its habit of 
forming a slimy pellicle on the surface 
of the medium rather than a floccose 
mass of aerial mycelium in addition to 
the loosely intertangled hyphae in the 
medium. Growth was good on all 
media but poorest on ammonium sul- 
fate. 

Carbon—Growth fair on most media 
but poor on lactose and soluble starch. 
A slight amount of growth was re- 
corded on amyl acetate and Indulin A; 
no growth was found on phenol, but 
growth on tannie acid was excellent. 
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Trichoderma viride 


Vitamins—Good growth was obtained 
on all substrata. 

Nitrogen—Good growth was obtained 
on all substrata. Asparagine yielded 
the best growth, while it took longer to 
reach a lower peak on ammonium sul- 
fate. 

Carbon—Xylose, sucrose, and soluble 
starch yielded only fair growth while 
erowth on other carbon sources was 
Amyl acetate and Indulin A 
fair amounts of growth but 
tannic acid and phenol were not used 
by this fungus. 
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IS YOUR FEDERATION MEMBERSHIP DATA UP-TO-DATE? 


The March, 1958 issue of SEWAGE 
AND INDUSTRIAL WASTES will 
contain a complete directory of the 
membership of the Federation for the 
calendar year 1957, as well as a geo- 
graphic listing of members. The last 
complete directory and geographice list- 
ing were published in the March, 1956 
issue, 

If your listing in the 1956 Directory 
was incomplete or does not agree with 
your present situation, PLEASE send 
current data to the Federation Office 
at once. To be ineluded in the Diree- 
this information should be re- 
ceived by December 31, 1957, but if 
changes oceur later, please send the 
information as early as possible so that 
the Federation records will be current. 

If you have had a title or job change, 
the new Directory should show this but 
it can do so only if you send the neces- 


tory, 


sary information. 
desired are: 
1) Your 


corded. 


The personal data 


name as you wish it re- 


(2) Your correct mailing address for 
the Journal. 

(3) Your employer. 

(4) Your position title. 

5) Your Member Association. 


The Secretary of your Member As- 
sociation should have this same infor- 
mation. In renewing your membership 
for 1958, please send him all of the 
above data as well as your remittance 
for dues. 

Your cooperation in making the 
membership directory complete and 
correct will bring credit to you and all 
others in the field of sewage and indus- 
trial wastes. 
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Industrial Wastes 


USE AND HANDLING OF CHEMICALS IN INDUSTRIAL 
WASTE TREATMENT * 


By Epmunp B. BESSELIEVRE 


Manager, Industrial Wastes Division, 


At present the best means of treating 
certain types of liquid industrial wastes 
is by the use of chemicals. When an 
engineer is faced with such a problem 
he is confronted with one of the most 
complex of all methods of treatment. 

Unlike the original idea of chemical 
treatment, which contemplated the 
dumping of chemicals into the waste 
mass, the modern conception is a 
studied and practical approach to the 
many facets of the problem. 

Waste treatment usually is an ex- 
pense item for the producer of the 
wastes, and as such enters into the cost 
of production of the factory product. 
These daily costs become an important 
item on the cost sheets. Therefore, it is 
the duty of an engineer called upon to 
design a waste treatment facility to 
develop for his client the most economi- 
eal and practical plant. ‘‘ Most 
nomical,’’ however, does not necessarily 
mean the plant that is lowest in first 
‘ost. 

Initial plant cost is a capital expendi- 
ture and the plant as constructed be- 
comes an asset of the company and is 
gradually written off. The daily op- 
erating cost for the treatment, however, 
goes on as long as the wastes must be 
treated. This is the cost that must be 
given the most searching consideration. 

It is beyond the purview of this 
paper to discuss all of the possible 
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chemicals that could be and have been 
used in the treatment of industrial 
wastes. It is proposed, however, to dis- 
cuss a few of the more common chemi- 
cal compounds used and to point out 
factors in their economical use and 
handling that have been incorporated 
into several major waste projects re- 
cently studied. 

The factors that enter into a study 
of a waste problem are many. They 
run the gamut of everything from the 
actual cost of the chemicals decided 
upon, to the attitude of the man who 
lives across the street from the plant. 

In a study made by the California 
Sewage Works Association in 1944, it 
developed that there were 72 different 
factors that must be considered in de- 
vising a formula for charges for han- 
dling wastes in a city sewage system. 
In Argentina an important project, es- 
sential for the health of the people of 
one of the large cities, was held up for 
two years because one of the local coun- 
cilmen refused to permit the street on 
which he lived to be torn up for con- 
struction of the main trunk sewer—he 


could not use his ear if the street were ~ 


to be torn up. 

After it has been determined that 
chemical treatment is the indicated 
method for a given waste, the follow- 
ing factors must be considered in select- 
ing a certain chemical or a particular 
form of that chemical, namely: 


1. Comparative costs of the indicated 
chemicals. 
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2. How the chemical should be pur- 
chased (in bulk or in small lots). 
3. Availability of the chemical. 

4. Relative costs of various forms of 
the same chemical. 

5. Ease of handling. 

6. Storage required or advisable. 

7. Deterioration, including loss of 
neutralizing, reducing, or coagulating 
power. 

8. Extent of 
quired. 

9. Operating period of the treatment 
plant. 

10. Labor required in handling the 
chemical, 

11. Size of the treatment plant. 

12. Dilution of strong periodical 
wastes to reduce initial plant cost. 

13. Coordination of proposed usage 
with chemical suppliers. 

14. By-products which affeet the cost 
of treatment (sludge, effluent) and 
their influence on the form of chemical 
used 

15. Attitude of local or state officials 
toward fostering local industries. 


handling plant re- 


This may seem like a formidable ar- 
ray of things to think about, but each 
affects the ultimate operation cost of a 
plant, some very materially. 

In view of the scope of the subject, 
it is proposed to treat only with the 
following commonly used chemicals: 

1. Lime. 

2. Chlorine 
compounds. 

3. Sulfur dioxide. 

Ozone. 


and chlorine-containing 


Much has been written on the indi- 
vidual characteristics of these chemi- 
cals, so this ground will not be cov- 
ered again. Rather, the object of this 
paper is to describe actual means that 
have been incorporated into modern 
plants for the use of these chemicals. 


Lime 
Lime is probably one of the oldest 


chemical compounds known to man. 
Records are extant of its use in medie- 
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val times and by uncivilized natives in 
other countries. It is likewise one of 
the most useful chemicals, and as it is 
found in nature in nearly all countries, 
it is one of the cheapest. 

Lime, however, varies in its composi- 
tion and types, and just because a lime 
is found in the vicinity of a waste 
treatment project does not necessarily 
indicate that it is the proper one to use 
in that case. 

Lime is found in several forms, of 
both high-caleium and dolomitie types. 
It is used directly in these forms as 
quicklime, or in the hydrated form. 
Which one to use and in which form 
must be the basis of an economie study 
in every case. 

The volume of wastes to be treated 
that will require lime, the character of 
the wastes, the availability of the vari- 
ous forms of lime, the extent of plant 
required to handle a given form in a 
given case, all have an important bear- 
ing on the final selection. There are 
other considerations that may enter 
into a specific study. For instance, in 
one case the state health department 
is averse to the use of dolomitie limes 
because of the possible increase in hard- 
ness of the receiving stream, which im- 
poses a burden on the potable water 
users downstream. This entails a 
broad study of whether it is economi- 
cally justified to penalize a local in- 
dustry and foree industries to use a 
more expensive product, or to permit 
the industries to use the cheaper prod- 
uct and let the downstream municipali- 
ties worry about the extra cost for 
softening that might be incurred. 

The most recent information from 
the National Lime Association shows 
that there are in the United States a 
total of 105 lime producers. These are 
seattered through 30 states, so that no 
potential site for a waste treatment 
plant is very far from an ample supply 
of lime. 

Cheapness of an available lime is an 
important factor, but is not the eon- 
trolling one. A cheap, locally available 
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lime has the advantage of requiring 
smaller storage facilities, as supplies 
can be obtained on short notice. On the 
other hand, that particular lime may 
react slowly and thus entail the instal- 
lation of larger neutralization, storage, 
and other tanks. The extra cost and 
upkeep of these may add so much that 
it would be cheaper to use another 
lime more quickly reactive, although 
the basic price might be higher. On 
the other hand, if a cheap, loeally ob 
tainable, suitable lime can be had, it 
might be cheaper to install the greater 
plant facilities. This entails an eco- 
nomic balance. 

The quicklimes require slaking equip- 
ment, whereas the hydrates come in 
bags or other containers for direct use. 
The point at which it pays to use a 
quicklime and provide the slaking 
equipment is one of close study. In 
one authoritative text (1) it is stated: 
‘*Tt takes not less than 100 to 125 tons 
of quicklime per month to justify the 
cost of the simplest handling and slak- 
ing systems. Above 150 tons per 
month quicklime is more economical.”’ 
This is a general statement and cannot 
be directly applied to any case. 

In one project the indicated maxi- 
mum daily lime requirement was of the 
order of 7 to 8 tons per day. The 
slaking equipment for that plant cost 
around $20,000 installed. The differ- 
ence in price between the use of dolo- 
mitiec quicklime and hydrated lime de- 
livered is $3.50 per ton. The slaker 
equipment amortized on a 20-yr. basis 
would have a fixed charge of about 
$1,700 per year. The saving in buying 
dolomitie quicklime over hydrated in 


TABLE I.—Weight of Various Limes 


Type | Shape 
Hydrated Pulverized 30 to 35 
Powdered 10 to 45 
Quicklime Lump 60 to 70 
Pulverized 80 
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bulk would be $28 per day, or on a 300- 
day year, a total of $8,400. 

Other than that there would be a 
considerable labor saving in favor of 
the quicklime in the handling of the 
raw material. The lime handling 
equipment from the rail car to the stor- 
age bin would be the same in either 
ease. However, there would be an ad- 
ditional inherent economy in that due 
to the weight of the two materials, the 
same size storage bin would hold twice 
as much quicklime as hydrated lime 
(Table I). Thus, either a larger sup- 
ply could be stored or a smaller size 
bin installed. 

Another factor in the selection of a 
lime is that one of the most troublesome 
end products of a waste treatment 
plant is sludge. The less of this there 
is, the less trouble there will be. If 
the sludge is filtered on vacuum filters, 
as more and more sludge will be, selec- 
tion of a low sludge forming lime will 
help to keep down the cost of the 
vacuum filter plant; that is, smaller 
filters, less hauling of cake, ete. Figure 
1 shows the relative sludge volumes 
formed by several limes. 

In a recent article Hoak (2) shows 
that dolomitie lime used in the neu- 
tralization of spent pickling liquor pro- 
duced a final sludge of about 30 per 
cent of the original volume of liquor, 
whereas a hydrated high calcium lime 
produced about 60 per cent of the 
original amount. In a small plant that 
would not be too important, but on a 
large project the vacuum filter equip- 
ment, the space required, and the cake 
removal facilities would be a major 
item of expense and the amount of 
sludge important. If the sludge is to 
be bed-dried, the lesser amount is im- 
portant because lime sludge dries 
slowly and therefore more area would 
be required. 

In tests made in the author’s own 
laboratories it was found that with a 
lime known as No. 16 fluxing (oxide) 
lime containing 56.5 per cent CaO and 
42.5 per cent MgO, the final volume of 
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FIGURE 1.—Sludge volumes resulting from use of various limes. 


sludge after standing for 1 hr. was 25 
per cent; whereas with another lime 
containing 46.87 per cent CaO and 
33.98 per cent MgO used to neutralize 
the same waste, a pickle liquor with 
2 per cent sulfurie acid content, the 
final volume of sludge was 49 per cent. 

In a recent study on the beneficial 
effect of returning of sludge in waste 
pickle treatment, Faust and Orford (3) 
show that with a waste with 2 per cent 
acid and 40 per cent volumetric sludge 


return using high calcium quicklime 
they obtained waste sludge volumes of 
20 per cent of the original mass with 
1-hr. settling ; with dolomitie quicklime 
on the same basis, the waste sludge was 
about 12 per cent. 

Less sludge means progressive sav- 
ings in cost, smaller sludge holding 
tanks, smaller sludge thickeners, 
smaller vacuum filters, less condition- 
ing agent, less filter cake to be hauled 
away, and less space in building re- 
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quired for filter equipment. These, in 
a large plant, can become very impor- 
tant items (Figure 1). 

Thickening of lime sludges will help 
to reduce the final volume and should 
be employed before vacuum filtering. 
Also, the mixture of lime sludges with 
other waste sludges will assist in the 
filter operation. 

Recent information on relative costs 
of limes in different parts of the coun 
try indicates the range of prices that 
must be considered in evaluating a 
given Some of these are 
sviven in Table II. Costs delivered will 
vary according to the freight rate. 

In handling 


data 


case. 


large volumes of lime 
to be applied at several points in a 
plant, the best way is as a slurry or 
solution. However, this imposes prob- 
lems of how to prevent caking of the 
lime supply pipes when the system is 
shut down. In another recent project 
there were five points of application, 
which required a different 
amount of lime per unit of time. As 
it was also possible that not all of the 
various needs would be present at all 


each of 


TABLE II.—Recent Prices on Various 


Types of Lime 


Lype 
Bulk Ba 
Dok ne 
No. lf 1 burnt lf $s $14.00! 
D le li 11.85 
Select me 12.50 
De ed 
In 12.00 14.00) 
Ss paper bags 16.00! 
50-lb 48 
18.4 
s e, 25-lb. pay ba 21.00 
) Autor } 
14.00 00 
le 252 
P ed 13.3 Q 253 
Pe 15.2 752 
12.7 17.258 
H te 15.7 19.25 
16.508 
nq lir 3.7% 13.2 
H ‘ium hydrate i% CaO 16.254 
High calcium chemical pebble 
97. CaO R91 22.985.6 
a} 
Carload 
¢ F.o.b. Wilmington, Del 
F.o.b. Youngstown, Ohio. 
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times, the problem of caking was an 
important consideration. 

The final solution was to discharge 
the slaked lime slurry to a slurry tank 
equipped with mechanical agitator to 
maintain with individual 
take-off pipes from the slurry tank to 
the five points of application, with a 
separate pump for each line so they 
could be operated independently. Each 
pump and pipeline was so sized that 
at the maximum volume take-off from 
that particular line, the pump would 
continue to cireulate lime milk through 
the line and back to the slurry tank 
at a velocity of not than 7.5 
ft. per sec., at which rate deposition 
would not take place. This added a 
cost item to the plant, but was consid- 
ered less costly than removal of lime 
from clogged lines. When any 
particular application point and line 
are to be shut down, flushing with wa- 
ter is provided so that all lime would be 
removed from the system. 

A further consideration in the selee- 
tion of a lime is its valency or basicity, 
or its neutralizing power. Obviously, a 
lime that has the power to neutralize an 
acid solution with the use of less lime 
per unit of volume or in less time would 
have a cost advantage in plant and 
operation cost, and this should be eare- 
fully seanned. 

In a bulletin of The Finishing Lime 
Association of Ohio (4), the difference 
between using a dolomitic lime with a 
high basicity and a high caleium lime 
with a lower basicity on a volume of 
1,000 gal. of spent pickle liquor showed 
a saving of 327 lb. per day. This meant 
smaller storage bins, smaller feeders, 
ete., and in one year the saving in lime 
alone would amount to $322, even on 
this small plant. This saving, capital- 
ized at 5 per cent, would warrant the 
installation of any special equipment 
required for handling the dolomitic 
lime up to $6,500. 

To illustrate the relative cost of the 
valent element in various limes, infor- 
mation culled from various sources is 


suspension 


less 


cake 


Per Tor 
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TABLE III.—Relative Costs of Neutralizing Qualities of Limes a 
High calcium quicklime Bulk 14.50 0.941 | 15.41 1.00 
Bags 18.00 0.941 19.13 1.24 
High calcium hydrate Bags 14.50 0.710 | 20.45 | 1.33 
Dolomitic quicklime Bulk 12.00 1.110 | 10.79 0.70 
Bags 15.50 1110 | 13.94 0.90 
Dolomitic hydrate Bags 16.50 0.912 | 20.13 1.31 


‘ Compared with high CaO quicklime. 


given in Table III. Figure 2 shows the 
relative costs per year for various limes 
on various daily tonnage usage. 

Lime is probably the cheapest chemi- 
cal one can buy, but it is hoped to show 
by the preceeding information that 
even with this low cost it pays to con- 
sider all the factors enumerated before 
making a selection. 

After a plant is designed to use a 
certain type of lime, there must be 
coordination between the supplier and 
the user to obtain that lime in the 
proper form and in a volume most 
suitable to that plant. If the plant is 
to use more than 5 tons per day, the 
lime should be delivered in the stand- 
ard hopper-bottom lime ears, with ca- 
pacities of 15, 25, or 50 tons. The 
proper size for a given project depends 
on the daily requirement. Thus, a 15- 
ton car will provide only enough for 
three days on a 5-ton per day basis; a 
25-ton car will provide five days, on the 
same basis, and a 50-ton car will pro- 
vide a 314-day supply for a 15-ton 
plant. Thus to reduce the amount of 
shifting and placing of lime cars sev- 
eral times per week it would be ad- 
visable to consider using a _ larger 
storage bin. With modern unloading 
equipment the average car can be un- 
loaded into the bin in 3 to 4 hr. Use 
of larger cars will eut down the han- 
dling charges by the adjacent railroad, 
as charges are per car regardless of its 
load. 

Also, less frequent unloadings put 


less stress and wear on the unloading 
equipment and maintenance charges 
will be reduced. 


Chlorine 


The next most used chemical in wa- 
ter, sewage, and industrial waste treat- 
ment is chlorine or one of its deriva- 
tives. 

It is used to protect water against the 
passage of pathogenic organisms into 
the supply system. It is used in sewage 
plants as a final protection and as a 
pretreatment to reduce odors in septic 
sewage. It is used in industrial waste 
plants to eliminate cyanide and other 
compounds from plant discharges. 

Cyanide is extremely toxie and most 
state and municipal authorities are 
adamant on the maximum amount that 
may be contained in a final waste dis- 
charge. There are several ways of re- 
ducing cyanide to cyanates or further 
to carbon dioxide and nitrogen to pre- 
vent stream contamination, but perhaps 
the one most currently recommended 
and used is chlorine. 

Chlorine may be obtained as a pure 
chemical in the form of a gas, or from 
hypochlorites of sodium or calcium. 
Selection of the use of one of these 
depends on a number of factors, among 
which are: 


1. Size of plant (volume of wastes to 
be treated and concentration of cya- 
nide). 

2. Comparison of cost of chlorine vs. 
sodium or calcium hypochlorite. 
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3. The installation for handling the 
material. 

4. The storage facilities. 

5. The plant required. 

6. Dangers. 

7. Availability of material. 

8. Loss of valency. 


Chlorine as delivered in cylinders, 
containers, or tank cars is used directly 
from the container through the chlori- 
nation equipment to the point of ap- 
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plication. No other storage is required. 
Calcium and sodium hypochlorite re- 
quire less equipment to handle them, 
but do require storage facilities and are 
subject to deterioration. 

When compared to chlorine, as a gas 
or a liquid, commercial sodium hypo- 
chlorite has approximately 15 per cent 
available chlorine. Therefore, to ob- 
tain 1 lb. of available chlorine from 
sodium hypochlorite, requires 6.67 gal. 
of saturated solution. Chlorine varies 
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in cost per pound according to the 
type of container used and the volume 
purchased. Sodium hypochlorite must 
be delivered in tank trucks. As the 
truck must be unloaded on arrival, 
storage tanks must be provided. 

Chlorine in containers remains in the 
containers in which shipped and no 
further storage is needed. If the size 
of the project warrants use of chlorine 
in single-unit tank cars, then by special 
provision of the railroads these cars 
may be directly connected to the plant 
dispensing system and used as the 
reservoir for a non-demurrage period 
of 30 days. This simplifies handling of 
the material. The ears are of different 
sizes—15, 30, and 55 tons—and the 
proper size car can be ordered so that 
the free demurrage period is not ex- 
ceeded. 

On the other hand, sodium hypo- 
chlorite loses about 1 per cent of its 
available chlorine strength per week, 
so that if large volumes are stored the 
loss would be such that in fifteen weeks 
the solution would have little or no 
value. Therefore, the storage facilities 
and the truck deliveries must be care- 
fully caleulated to avoid this loss. 

If this loss is not checked and the 
feeders are set to deliver a certain vol- 
ume of hypochlorite solution per unit 
of time, after the first week as the 
strength gradually decreases, it either 
becomes necessary to make frequent 
tests of the solution and reset the feed- 
ers, or the solution fed will not be of 
the proper strength to handle the cya- 
nide, and improperly treated wastes 
would be discharged. As chlorine gas 
does not lose its valency, the length of 
time that a tank car or container is 
held is unimportant. 

Tank trucks for hypochlorite hold 
from 2,000 to 4,000 gal. Therefore, 
plant storage and use and delivery 
must be carefully coordinated. 

If a plant treating 14.6 lb. of cyanide 
per day needs 667 gal. of hypo, a 2,000- 
gal. truck would only supply the plant 
for 3.15 days, and a 4,000-gal. truck 
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for 6.30 days. On the other hand, if 
the cyanide is 29.2 lb. per day, the 
4,000-gal. truck would be enough for 
only 3.15 days. As the demand grows, 
so grows the trucking; eventually there 
would be a continuous parade of trucks 
to keep up with the demand. 

Here it might be said that large 
storage facilities would be the answer. 
That would be true if sodium hypo- 
chlorite were stable. According to one 
of the largest manufacturers of sodium 
hypochlorite, the loss in available chlo- 
rine is about 3 per cent per month. 
Therefore, if a large storage capacity 
were provided the loss of valency would 
mean an increasing use of gallons per 
pound of cyanide and an inereasing 
cost of treatment. If sodium hypo- 
chlorite could be delivered in tank cars, 
as is chlorine, sulfurie acid, ete., this 
picture might change for the better. 

Figure 3 shows the relative cost of 
using chlorine gas and sodium hypo- 
chlorite in the reduction of cyanide for 
different size projects. The place at 
which the cost graphs cross is the point 
at which it becomes definitely more eco- 
nomical to use one or the other. 

Chlorine gas requires expensive chlo- 
rination equipment to handle the gas 
from the car and dispense it to the 
system. Due to requirements of state 
health departments, chlorination equip- 
ment must be installed in separate 
rooms, entered only from the outside, 
and ventilation, alarms and leak detec- 
tion equipment must be provided. The 
hypochlorites do not require this type 
of equipment, but do require pH con- 
trol and solution feeders, ete. 

In a study of a waste problem where 
chlorine or other expensive chemicals 
are indicated, a careful study of the 
waste concentrations and their peri- 
odicity of discharge must be given. 

In one recent project developed by 
the author’s company, there were daily 
discharges of high volume plating waste 
containing small concentrations of cya- 
nide. On the other hand, there were 
discharges periodically, each of small 
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FIGURE 3.—Comparative cost of cyanide treatment chemicals. 


but in high concentrations of 
eyanide. One such discharge was once 
per week, another once every two 
weeks, another every three weeks, and 
another once a month. These varied in 
strength, the monthly one being the 
worst, and were mainly the discharges 
from emptying plating vats, sludges, 
ete. 

As it was conceivable that all of these 
various wastes might be discharged to 
the treatment facility on a certain day, 
it was realized that if this happened 
it would impose a very heavy load on 


volume, 


the chlorine facilities, most of which 
then might lie idle for another 29 to 
30 days. This was not economical in 
first cost or operation of equipment and 
further study was entailed. Of course, 
a plant program could be set up 
whereby the personnel were charged 
not to discharge all these wastes on the 
same day. But reliance on human ele- 
ments in such eases is not safe; there- 
fore, it was felt better to provide 
against the load all coming on the treat- 
ment facilities at once. 

In this project the daily cyanide load 
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was about 409 lb. The once-a-month 
dump of sludge contained 2,440 lb. of 
eyanide in a total of 12,000 gal. of 
waste. The daily discharge of waste 
would require a theoretical amount of 
chlorine of 2,792 lb., whereas the sludge 
dump once per month of 2,440 Ib. of 
eyanide would require 16,665 Ib. of 
chlorine. If dumps and discharges co- 
incided, the total demand on that day 
would require a theoretical total of 
34,543 lb. of chlorine. 

On the basis of using chlorinators 
each with a 24-hr. capacity of 6,000 lb. 
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or a 16-hr. capacity of 4,000 lb., to han- 
dle this concentrated load would have 
required a total of 9 chlorinators for 
16-hr. plant service. However, the 
theoretical amount of chlorine is sel- 
dom, if ever, achieved in an operating 
plant, and all authorities agree that a 
supply source sufficient to dispense 8 
lb. of chlorine per pound of cyanide is 
best practice. Therefore, with the 
wastes all treated in a 16-hr. waste 
plant day, the total supply would be 
41,632 lb. of chlorine, which would re- 
quire 12 chlorinators, allowing one for 
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FIGURE 4.—Comparison of daily requirements of chlorine and lime for various 
treatment programs. 
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This was realized to be an in- 
ordinately large installation, costly and 
requiring much area, for possible use 
one day per month. The effect of this 
is shown in Figure 4. 

The solution as designed and con- 
structed was as follows: The daily dis- 
charge containing the 409 lb. of cya- 
nide will be discharged directly into 
two large holding tanks, each with a 
capacity of the total daily flow of 
eyanide-containing wastes. During a 
day of filling, nothing will be with- 
drawn from that tank and continuous 
agitation will be employed to maintain 
a uniform mixture. On the following 
day, the tank filled the day previous 
will be discharged to the treatment 
phase at a steady rate, thus providing 
uniformity in concentration and vol- 
ume so that control is simplified. 

Then, to assure that the high con- 
centration periodical wastes cannot up- 
set the program, a small sump is pro- 
vided adjacent to the treatment plant. 
Into this sump the strong concentrated 
wastes are dumped and from there 
pumped into a separate set of two hold- 
ing tanks. When one of these small 
tanks is full, the contents are pumped 
to one of the large weak cyanide tanks 
for mixture and homogenization with 
the weaker wastes. To assure that the 
maximum load of cyanide is not ex- 
ceeded on any one day, the pumps 
which remove the contents of the small 
holding tanks to the larger weak tanks 
are so sized as to volume that they 
cannot empty one of the small strong 
tanks into one of the weaker tanks in 
less than three to four days. As the 
pump capacity is limited to this, the 
operators cannot make a deliberate or 
accidental effort to put the contents of 
a small high concentration waste into 
one of the larger tanks in one day. 

As a matter of fact, as the strong 
waste dumps are once per month, the 
rate of withdrawal can be so arranged 
as to occupy a full month to empty one 
of the strong tanks. 

By this means the estimated maxi- 
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mum amount of cyanide that will have 
to be treated in any one day is reduced 
to about 780 lb. requiring a theoretical 
amount of 5,327 lb. of chlorine, which 
can be easily supplied from two chlori- 
nators in 16 hr., the designed treatment 
period. By this system the total num- 
ber of chlorinators installed, with one 
for spare, is three units of 6,000-lb. 
capacity per 24 hr., instead of the very 
much larger number of units that 
would be needed if all wastes were to 
be treated on the day discharged. 
Thus, the initial cost of the plant was 
materially reduced. 

Had the chlorination equipment and 
supply of chlorine been based on treat- 
ing the entire total of 5,204 lb. of cya- 
nide on one day, it would have required 
a theoretical amount of 35,543 lb. of 
chlorine in the operating period of 16 
hr. As the largest chlorine tank car 
holds only 55 tons of chlorine, this 
method of treatment would have drawn 
down the car contents so fast that such 
a car would last for only 3.1 days. By 
the dribbling process, one 55-ton car 
will supply the maximum estimated de- 
mand for chlorine for 19 plant days. 
This lessens labor in moving and spot- 
ting cars, disconnecting and connecting 
chlorine lines, and is better for the 
equipment, which is thus operated at 
a steady rate. 

Figure 3 shows a third line, which 
shows the point at which a recent de- 
velopment in cyanide reduction be- 
comes the economical factor. This is 
the use of electrically generated ozone 
instead of chlorine or its derivatives. 

Pilot-plant work on cyanide-laden 
plating wastes has shown (5) that eya- 
nide can be destroyed to a point where 
the effluent can be put into any stream 
by the use of 2 lb. of ozone per pound 
of cyanide. The equipment for this is 
simply the ozone generators and a 
tower into the top of which the cyanide- 
laden liquid is discharged, the ozone 
being admitted at the bottom. The 
ingredients for ozone are simply air 
and electric current. 
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The plants are expensive, but a study 
of a recent actual case showed advan- 
tages in the use of ozone over chlorine 
in several ways; namely, less initial 
plant, less labor for operation, no order- 
ing or handling of materials, no big re- 
action tanks, no complicated control by 
pH and redox, ete. 

In the case under discussion the cya- 
nide content of the daily wastes is esti- 
mated at 160 lb. per day. At the theo- 
retical rate of 6.83 lb. of chlorine to 
reduce 1 lb. of cyanide to earbon di- 
oxide and nitrogen, the total theoretical 
chlorine demand was 1,093 lb. per day. 
This was large enough to warrant car- 
load unit tank supply. The cost of 
chlorine delivered to the plant site in 
earload unit containers was $0.07 per 
pound. The daily cost for chlorine was 
thus $76.47, plus the necessary lime, the 
current to run the plant, labor, testing, 
ete., and the housed area for the ehlori- 
nation equipment. It was estimated 
that fixed charges on the equipment for 
gaseous chlorine in tank cars and the 
total operating expense previously 
listed came to $130.25 per day. 

Study of the ozone process brought 
out the following facts. Purchase 
price, installed and ready for operation 
of the ozone generators, tower, etec., was 
estimated for the supply of 360 Ib. of 
ozone per day, at $165,000. The pilot- 
plant work showed that 2 Ib. of ozone 
would reduce 1 lb. of cyanide. To pro- 
duce 1 lb. of ozone requires 13 kw.-hr. 
of current. Priced at $0.01 per kw.-hr., 
and with amortization and interest on 
the investment, current, labor, ete., the 
total daily cost for the ozone plant was 
$111.46 per day. This entailed a 
wreater initial expenditure than for 
the chlorine, but there were many in- 
tangible economies. 

During the investigation it developed 
that the company fostering the ozone 
process had developed another plan of 
operation which had further manifest 
advantages. This is known as ‘‘me- 
tered ozone.’’ In this case the client 
contracts with the ozone equipment 


manufacturer to install, at its expense, 


‘a complete plant for the amount of 


ozone he will need. The client then 
pays the ozone manufacturer a fixed 
price for the ozone used on a 5-year 
or 10-year contract basis. At the end 
of the initial period he can renew for a 
further 5 years at a reduced rate, as 
the ozone equipment manufacturer has 
written off most of the cost of the plant 
in the first period. Under this plan, 
the equipment manufacturer installs, 
maintains, and operates the plant, in- 
cluding all electric current, ete. 

This method has the advantage that 
the client makes no outlay of funds; 
and as the charge for ozone is an ex- 
pense, the entire amount can be in- 
cluded as a business expense and 
toward a reduction of taxes. 

A study made on the metered basis 
resulted in an estimated cost of $151.36 
for metered ozone per day, which in- 
cluded labor, current, ete. This daily 
total is more than the chlorine, but 
when it is considered that there is no 
money tied up in a plant, it could be 
logically asserted that the carrying 
charges for the investment could be 
charged off against the operation, in 
which ease the total cost per day would 
be materially reduced. 

At present only one plant for the 
reduction of cyanide by ozone is in 
process of construction, so no long-term 
actual operating results are available. 
No brief is held for the ozone process, 
but on the basis of the pilot plant work 
and the theory, it looks promising. 
There is, of course, a point where ozone 
would not be economical for small 
plants, and where sodium hypochlorite 
would be the medium of reduction. 

As the requirements for ozone in- 
crease, the metered rate drops so that a 
user requiring 4,000 lb. of ozone per 
day would pay only $0.175 per pound 
of ozone. This would be sufficient to 
treat 2,000 Ib. of cyanide per day. 
Using chlorine from tank ears at $0.07 
per pound, it would cost $1,120 per day 
for chlorine, whereas metered ozone at 
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$0.175 per pound, and 2 lb. per pound 
of eyanide, would cost only $560. The 
saving for one year for a plant of that 
size would be impressive. 


Sulfur Dioxide 


reduction of hexavalent 
in plating wastes to the 
much less toxic trivalent form, operating 
results of actual plants and laboratory 
studies indicates that sulfur dioxide in 
the form of a gas in cylinders is the 
effective and 
chemical to use. 
Table IV shows the relative cost of 


For the 
chromium 


most least troublesome 


using various reducing agents for 
chromium wastes. 
Sulfur dioxide is easily handled. 


When demands warrant, it may be pur 
chased in cylinders holding one ton of 
a pair of these cylinders usu- 
ally will suffice for weeks of operation 
The cylinders are mounted on plat- 
form scales so that the operator can 
determine exactly how much he has 
used per day. A spare cylinder or 
more should be kept on hand to over 
come the time interval in getting a new 
supply. The number of spare cylinders 
for a given project will depend on the 
distance from the source of supply. 


the gas; 


TABLE IV.—Comparison of Sulfur Dioxide vs. Other Agents for Reduction of Chrome 
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As in the case of chlorine, or any 
other chemical, plant economies can be 
introduced by making provision for 
dribbling strongly concentrated low- 
volume wastes into the weaker wastes 
over a long period. In a recent case 
the estimated amount of 
chromium in the wastes that might be 
discharged on one day was 150 lb. To 
reduce chromium to the trivalent form 
requires a theoretical amount of 5.25 
lb. of sulfur dioxide per pound of 
chromium. Therefore, if all the strong 
and weak wastes were to be treated in 
one day, the total demand of sulfur 
dioxide would be 787.5 lb. This would 
require two sulfur dioxide dispensing 
units, each with a eapacity of 400 Ib. 
per 24 hr., and would use up a 1-ton 
cylinder of the gas in 2 to 5 days. 

To install this large-scale equipment 
for a one-day-per-month operation is 
neither practical nor efficient. There- 
fore, as in the ease of the cyanide line, 
it was arranged that the weak daily 
chromium bearing wastes be discharged 
into the large weak metallic waste hold- 
ing tanks. The wastes and 
dumps containing chromium would be 
discharged into the smaller strong 
metallic holding tanks and then pumped 


possible 


strong 


Comparative Costs of Reducing Agents 


Sulfu Sodium Sodium | Sodiur Copperas, 
Dioxide Bisulfite, Sulfite Meta-Bisulfite FeSO,4-7H20 
SO NaHSO; NassO 

Lb. reactant/Ib. CrO; 0.96 1.56 139 | 143 8.34 
Lb. H.S0,/Ib. Crs 0.00 | 0.74 1.47 | O74 | 2.94 
Lb. dry sludge/Ib. Cr; 3.07 | 3.07 3.07 | 3.07 6.18 
feactant price (¢/Ib 9.0 | 3.9 2.83 1.0 0.85 
teactant cost (¢/Ib. Cr 8.62 6.48 5.34 5.72 7.08 
Acid cost (¢/Ib. Crs)" 0.00 0.74 1.47 0.74 2.94 
Lime cost (¢/Ib. Crs) 0.55 0.55 0.55 0.55 1.11 
Handling cost (¢/lb. CrOs)° 0.10 0.17 0.22 0.16 0.67 
Sludge cost (¢/Ib. CrO;)4 0.70 0.70 0.70 0.70 1.40 
Total cost (¢/Ib. CrO; 9.97 8.3 8.28 7.87 13.20 


* At $0.01 per Ib. for sulfuric acid. 
b At $0.005 per lb. for lime ($10.00 per ton 


¢ Of chemicals at $1.00 per ton. 


1 For cleaning lagoon, etc., at $1.00 per ton of 20 per cent solids sludge. 
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into the larger holding tanks over a 
long period to dilute the concentration 
in the large tanks. 

To eliminate the possibility of opera- 
tional mistakes, the pumps drawing off 
the contents of the small metallic hold- 
ing tanks were deliberately made of 
such low capacity that one of the tanks 
could not be emptied in less than three 
days, and by proper control this period 
eould be lengthened to take a full 
month. By this operation the total 
amount of chromium to be reduced was 
of the order of 40 Ib. and the total 
sulfur dioxide demand reduced to 210 
lb. per day. This can be handled by 
one sulfonator with a capacity of 400 
lb. per 24 hr., and two 1-ton cylinders 
of sulfur dioxide should last about 19 
days. Thus, the period between han- 
dling of cylinders is materially length- 
ened, reducing manual labor. 


Period of Treatment 


Industrial waste liquids are dis- 
charged throughout the day, but they 
vary in volume and concentration of 
toxic or nuisanece-forming ingredients. 
To treat the wastes as they reach the 
plant introduces constant checking of 
concentration and volume to coordinate 
the chemical application with the need. 
This entails skilled attention from 
chemists and plant operators and re- 
quires a large staff of personnel. Labor 
is the most expensive component of any 
operation today, and is becoming in- 
creasingly more so. 

A study of the economies of opera- 
tion for each ease will determine the 
most logical operating period for that 
plant—8 hr., 16 hr., or 24 hr. The 
plant elements for 8-hr. treatment of a 
given waste will be the largest, of 
course, gradually scaling down to the 
24-hr. operating basis. On the other 
hand, the labor element scales upward. 
The question is whether it is better 
economy to save money in the plant 
size or to keep labor at a minimum. 

In a recent study of this factor in a 
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TABLE V.—Relative Annual Operating 
Cost for 5-Day Operation 


Daily Operation During 


Item 
8 Hr. 16 Hr. 24 Hr. 
Base plant cost! $79,611 | $68,010 | $54,453 
Cost of operation, 
plus fixed and | 
other charges $54,435 | $60,026 | $65,666 


‘All equipment, including holding tanks, 
treatment tanks, etc. 


plant for treating cyanide wastes, the 
data in Table V resulted. 

Assuming a rate for chemists and 
other skilled personnel of $3.00 per 
hour, the additional cost of labor for a 
24-hr. plant over an 8-hr. plant is 
$15,840 per year. The estimated extra 
cost of facilities to treat the day’s ac- 
cumulation of wastes in 8 hr. is shown 
as $25,158. Therefore, it appears 
proper that the additional money 
should be spent for the 8-hr. plant, as 
the extra cost of $25,158 would be 
wiped out in less than two years by the 
saving in labor. 

Other than that there is a much more 
important point, in that in the 24-hr. 
plant there is no flexibility for excess 
volume or increase in plant capacity. 
New units must be built if the plant is 
increased. With an 8-hr. plant, if 
waste flows increase or it is considered 
advisable to run the plant for longer 
periods, the facilities are already there 
and no capital cost is involved. 

Another factor contributing to the 
reduction of plant labor costs is the 
provision of duplicate storage tanks for 
the wastes. Each storage tank should 
have a volume equal to the total flow 
of wastes per day. While one tank is 
filling, nothing is drawn from it, but 
all wastes to be treated are drawn from 
the other tank, into which there is no 
inflow during the withdrawal period. 
With homogenizing mixers in each 
tank, the wastes are thoroughly uni- 
form, so that after the plant operator 
has made his test at the beginning of a 
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eatment run, he can set his feeders, 
ilorinators, etc., and with a steady 


rate of flow at a uniform concentration 
toxic elements he need not change 
them during the operating period. 


The cost of two storage tanks is an 


item to be considered, but the saving of 


bor would soon write off this addi- 


tional expense and release the plant 


‘rsonnel for more important work. 


This double storage capacity also has 
the advantage of providing for short 
time stoppages of the treatment units, 
as by this means there is 48-hr. storage 
of 


raw wastes. Thus, if desired, and 


1e factory is operating seven days per 
week, the treatment plant need be op- 
erated for only five days, the wastes 


ored over the weekend, and on Mon- 
iy the treatment plant operated for 


24 hr. to catch up. 


Always keeping in mind the reducing 


of operating expense and labor, these 


1266 SEWAGE AND INDUSTRIAL WASTES November, 1957 


factors should be earefully considered 
in every case. Whether all the factors 
discussed here are applicable depends 
on the nature of the wastes, the volume 
to be treated, and the other points 
listed at the beginning of this paper. 
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NATIONAL SCIENCE FOUNDATION 
FELLOWSHIPS 


The National Seience Foundation 


as announced that applications are 


yw being accepted in four fellowship 


programs, which will lead to the award 
* approximately 1,000 fellowships in 


arch, 1958. Fellowships are awarded 
the mathematical, physical, medical, 


biological, engineering, and other sci- 
1ces. Programs are: predoctoral, 


postdoctoral, senior doctoral, and sei- 
ence faculty. 

More detailed information concern- 
ing the programs ean be obtained from 
the Fellowship Office, National Acad- 
emy of Sciences, National Research 
Council, 2101 Constitution Ave., N. W., 
Washington 25, D. C. 
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BIOCHEMICAL OXYGEN DEMAND OF ORGANIC 
CHEMICALS * 


By ArrHuur C. E. OBERTON AND VERNON T. STACK, JR. 


Respectively, Engineering Assistant, Design 


and Construction Department, and Industrial 
Waste Disposal Engineer, Development Department, Union Carbide Chemicals Company, 


South Charleston, W. Va. 


First thoughts about B.O.D. are gen- 
erally related to the standard proce- 
dure for B.O.D. determination, because 
it provides a numerical expression. If 
the B.O.D. determination is expanded 
to a long-term curve, the values of 
velocity constant and ultimate B.O.D. 
define clearly the oxygen consumption 
in the B.O.D. bottle. This consump- 
tion represents observed biological ox- 
idation activity, and a general accept- 
ance of these results without question 
is tempting. 

What limitations should apply to the 
interpretation of B.O.D. results? Cer- 
tainly, the environment created for the 
standard procedure is intentionally ad- 
justed for the rapid growth of most 
aerobic microorganisms. The pH, tem- 
perature, nutritive and trace elements 
are in the optimum range for rapid 
multiplication. Nothing should limit 
the growth of organisms except the 
supply of available food. The key 
word in the last statement is ‘‘avail- 
able.”’ Can the population of micro- 
organisms utilize the organic material 
in the B.O.D. bottle? If the materials 
can be used to satisfy biochemical en- 
ergy requirements, the B.O.D. has a 
true meaning. 

Not all of the organie materials can 
be used successfully by just any culture 
of microorganisms in their energy re- 
actions. The biochemical reactions that 
result in the oxidation of complex or- 
ganie material are catalyzed by an 


* Presented at the Industrial Wastes Ses 
sion, Texas Water and Sewage Short School, 
Texas A. and M. College, College Station, 
Texas; Mar. 3-8, 1957. 


enzyme system that is generally specific 
to a particular chemical ¢tructure. The 
microorganisms must have or develop a 
suitable enzyme system if they are to 
use a particular organic material. Na- 
ture has provided organisms with the 
ability to modify their means of metab- 
olism in order to successfully utilize 
most organie substances. The modifica- 
tion is usually an adaptation of the 
enzyme system to the new food source, 
but it can be a mutation of the organ- 
ism itself. Hence, in nature some form 
of acclimation is the rule, not the ex- 
ception. In rivers, lakes, trickling fil- 
ters, and activated sludge units, the 
microorganisms become acclimated to 
the existing food supply. Acclimation 
may proceed rapidly or may require a 
considerable period of time. 

In the standard B.O.D. determina- 
tion the general procedure is to pre- 
pare a dilution of the waste and seed 
the sample with domestie sewage. The 
organic material contained in the sam- 
ple may be completely foreign to the 
microorganisms; yet, the pattern of 
B.O.D. development may be normal or 
abnormal. With synthetic organic 
chemicals, the results are at times con- 
fusing, but they need not be. A survey 
of the experience of one industry with 
biological parameters will convey the 
importance of understanding the true 
nature of biochemical oxidation. 


Experience With Biochemical 
Oxidation 


In 1935, Carbide and Carbon Chemi- 
cals Company (now Union Carbide 
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Chemicals Company) undertook to re- 
duce the discharge of waste from their 
South Charleston plant. Particular at- 
tention was given to elimination of 
wastes at the source. In the early 
1940’s, the company extended the waste 
program to include a determination of 
the amount of pollutional material con- 
tributed to the Kanawha River. This 
phase of investigation was hampered 
by the physical layout of the plant. 
Since all production units were within 
a few yards of the river, an interceptor 
sewer not necessary to carry off 
the waste from each unit. Practically 
all units had direct outfalls to the 
river and each had to be identified. 
Identification was relatively easy, but 
the evaluation of pollutional material 
contributed by each of the many out- 
falls proved to be quite troublesome. 
The B.O.D. results were erratie and 
little information could be concluded 
from the numerous determinations. A 
waste disposal group was organized to 
continue the investigation. 

The literature pertaining to evalua- 
tion of waste 


was 


streams 
limited and contributions to an under- 
standing of B.O.D. were spread thinly 
throughout many publications. The 
eroup digested the available material 
and began their studies in earnest. 
Some B.O.D. determinations of 50-day 
duration were made in accordance with 
the accepted procedure of the time, but 
the results were anything but enlight- 
ening. After many of these fruitless 
attempts, the group could form but one 
conclusion with respect to the B.O.D. 
determination: It was not suitable for 
the evaluation of an industrial 
stream. 

A number of pure organic 
that occurred in the 
streams, were selected and 50-day long- 
term B.O.D. tests were performed in an 
attempt to learn the kinetics of the 
determination. Again, the results 
failed to provide a comparison to a 
first-moments curve or the ‘‘proper’’ 
relationship between 5-day and 20-day 
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conditions. The net result of the ac- 
tivity was the manifestation of a sin- 
cere doubt as to the worth of the B.O.D. 
determination. Certainly, much more 
work needed to be done to develop a 
satisfactory biological oxidation test for 
industrial waste. 

The next logically enough, 
found the group actively in search of a 
chemical means by which the organic 
contaminants could be related to bio- 
logical activity. Both the acid-perman- 
ganate and acid-dichromate procedures 
failed to provide the answers sought. 
The results could not be correlated to 
the quantities of organic material; 
hence, there was no assurance that 
C.O.D. could be directly related to bi- 
ological parameters. 

As stream degradation and recovery 
processes became more publicized, a re- 
newed effort was made on the biological 
approach. River water had been em- 
ployed by others as dilution water in 
an attempt the B.O.D. more 
meaning and the group proceeded to 
do likewise. In time, the group 
operating a laboratory trickling filter 
and using the effluent to seed B.O.D. 
Their results showed 


step, 


to give 
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determinations. 
considerable improvement, and for the 
first time the group really had some 
econelusions: (a) synthetic 
chemicals in some instances were not 
attacked biochemically in the 
manner as was sewage, (b) seed from 
the trickling filter was better than set- 
tled sewage seed, (ec) a 5-day period 
was insufficient in determining the 
B.0.D. of a synthetie chemical, and (d) 
Kanawha River water was not a good 
source of dilution water. 

The attitude biochemical 
tests became favorable and many new 
projects were initiated to gain still fur- 
ther insight into biological activity. 
Projects thenceforth were of a twofold 
nature; first, to gain answers to the 
questions raised 10 years earlier and, 
second, to develop further the under- 
standing of biochemical oxidation. In 
the years that followed, many studies 
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were initiated for academic purposes. 
Among these were studies to determine 
(a) acclimation procedures, (b) toxic- 
ity levels and, (c) the B.O.D. of pure 
synthetic compounds, and to become fa- 
miliar with enzyme systems. Work on 
the development of a biological test to 
evaluate the biochemical character of 
aqueous organie wastes continued, but 
it now hinges mostly on an adaptation 
of the accepted method. 

Advances in understanding the bio- 
chemical aspects of waste analysis have 
improved interpretation of B.O.D. re- 
sults. The B.O.D. determinations have 
real meaning when evaluated for the 
limitations under which the tests are 
made. These limitations are impor- 
tant and the analyst must be cognizant 
of cause-effect results in his interpre- 
tation of B.O.D. results. 


Standard B.O.D. Determination 


If a sample of unfamiliar carbonace- 
ous material were sent to a laboratory 
for a B.O.D. determination, what can 
he expected of the results? There are 
two possible answers: either the sample 
will develop a B.O.D. or it will not. 
If a B.O.D. is reported, of what sig- 
nificance is this numerical factor? It 
would mean one thing: the concentra- 
tion of material in the B.O.D. bottle is 
not toxie to the microorganisms used as 
On the other hand, if no B.O.D. 
develops, the material is either toxie to 
the microorganisms or is unavailable as 
a source of food. 

The organisms normally employed as 
seed in the B.O.D. test are associated 
with enzyme systems geared to the 
metabolism of the simple carbohy- 
drates and amino acids contained in 
sewage. To develop a normal B.O.D. in 
the presence of these organisms, a com- 
pound must be a normal component of 
sewage or of such similar structure that 
it fits readily into the metabolic path- 
way of sewage components. If a com- 
pound is not compatible with the en- 
zyme system of these organisms, the 
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B.O.D. results obtained using sewage 
seed will be erroneous. 

When a B.O.D. bottle is incubated 
for a period of time and then titrated, 
one point is known. If the intersection 
of coordinate axes is accepted as an- 
other, there are then two points 
through which an infinite number of 
curves may be passed. The application 
of established formula to the value ob- 
tained for B.O.D. at one time to com- 
pute the B.O.D. at any other time de- 
pends on the velocity constant k. To 
assume any value for k is folly as the 
curve, passing through the determined 
point, may be concave up or down, or 
may be passing through a point of in- 
flection. Consequently, the behavior of 
oxygen uptake for the duration of the 
incubation period is important and one 
point will provide no real information. 
A series of points will define the course 
of B.O.D. development. 


Use of Acclimated Seed 


A B.O.D.-time curve, or long-term 
B.0.D., is the only real means of ob- 
taining an interpretation of B.O.D. 
data. An analyst can judge, often 
from the first curve, how much addi- 
tional effort, if any, is needed to obtain 
a reasonable determination. If the 
curve resembles the general shape of a 
first-moments curve, the seed may have 
been adequate. A C.O.D. on the same 
sample will aid in determining the 
validity of this type of B.O.D. Should 
the C.O.D. and ultimate B.O.D. be in 
the same order of magnitude, the 
B.O.D. ean be accepted. However, this 
is not always the case with synthetic 
chemicals. The B.O.D. development 
for synthetic chemicals may be ex- 
tremely slow, exhibit an appreciable lag 
period, or develop no B.O.D. at all. In 
these cases, an acclimated seed may 
clarify the results. 


No Initial B.O.D. Development 


Where there is no B.O.D. develop- 
ment, the waste can be assumed to be 
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FIGURE 1.—Effect of acclimated microorganisms on B.O.D. development. 
toxic or biochemically inert, and the essentially one organic component. 
level of toxicity must be determined Where one toxic component controls 


prior to attempting acclimation. Mi- 
croorganisms can be exposed to the 
waste below the toxie level during the 
attempted acclimation period. Aceli- 
mation may decrease the toxicity or im- 
prove the tolerance of microorganisms 
to a specific compound and, in so doing, 
permit biochemical oxidation of other 
components of the waste. Probably an 
acclimation of the microorganisms to 
the bactericidal compound will oceur 
With a subsequent utilization of that 
compound. When acclimation fails to 
produce a B.O.D. for a mixture of or- 
ganic wastes, some component is bac- 
tericidal and must be removed from the 
stream if the B.O.D. is to be de- 
termined. 

A pure compound can be assumed 
biochemically inert if it develops no 
B.O.D For 
mixtures of compounds, as in an indus- 


waste 


and exerts no toxicity. 


trial waste stream, the entire waste 
stream can not be assumed biochemi- 
cally inert when it fails to develop a 
B.O.D., unless the waste stream has 


biochemical oxidation, dilution will de- 
crease the concentration to less than the 
toxicity threshold and oxidation will 
proceed. 

Figure 1 is an example of the pre- 
All four 
pounds, acrolein, methyl vinyl ketone, 
diethanolamine, and a higher molecular 


cet ing discussion. com- 


ght polyethylene glycol, exhibited 
no B.O.D. with sewage seed. 


Acrolein 
and methyl] vinyl ketone are toxie to 
sewage microorganisms at very low con- 
centrations (1.5 p.p.m. Acrolein re- 
sponded slightly to acclimation and 
produced the B.O.D. curve in Figure 
1. Methyl vinyl ketone failed to pro- 
duce a B.O.D. because organisms did 
not acclimate to the toxie substrate. 
The toxicity level of acrolein to ac- 
climated organisms is 18 p.p.m., an in- 
crease in tolerance level of 16.5 p.p.m. 
The toxic level of methyl vinyl ketone 
remained at 1.5 p.p.m. Diethanolamine 
and polyethylene glycol were not toxie 
to sewage microorganisms, but diethan- 
olamine responded readily to acclima- 
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tion while the glycol proved to be bio- 
chemically inert. The B.O.D. curve ob- 
tained with microorganisms acclimated 
to diethanolamine is also plotted in Fig- 
ure 1, 


Slow or Lagging B.O.D. Development 


A perceptible lag in B.O.D. develop- 
ment, employing sewage seed, again re- 
quires adaptation before the B.O.D. can 
be interpreted. Organisms should aec- 
climate readily to a waste exhibiting a 
two- to four-day lag, and the B.O.D. 
curve should develop normally. How- 
ever, if a lag persists in subsequent de- 
terminations despite employing accli- 
mated seed, it might indicate a varia- 
tion in the components of the waste and 
the lag may be inherent to the de- 
termination. This should not cause un- 
due concern if the ultimate B.O.D. in- 
diecates a reasonable oxidation of the 
wastes. 

Slow B.O.D. development indicates 
that the microorganisms can use the 
material. Acclimation should increase 
the rate of utilization and produce 
more normal curves. Should the ma- 
terial be among those that are naturally 
more resistant to biological degrada- 
tion, acclimation may be of little value. 
Some of the synthetic organic chemicals 
produced today are in the latter cate- 
gory, and there is no logical reason why 
naturally occurring organisms should 
possess or develop enzyme systems for 
their oxidation. Microorganisms have 
had an infinity of life-cycles to accli- 
mate to some natural compounds, lig- 
nin for example, and yet can not utilize 
them. Hence, acclimation may be a 
success or failure; but, in either case, it 
will provide the information necessary 
for a better interpretation of B.O.D. re- 
sults. 


B.O.D. as an Analytical Method 


In the true sense of the meaning, the 
B.O.D. determination can be considered 
as an analytical method. However, 
since so much depends on a biological 
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agent, it better fits the definition of a 
parameter—a parameter that indi- 
rectly suggests the strength of the ma- 
terial. Since the analyst, working with 
the waste is the best judge of its char- 
acteristics, he should be allowed to fit 
the parameter to the best definition of 
the waste. 

The analyst can observe any peculi- 
arities in the biochemical oxidation of 
particular wastes. He may attempt ac- 
climation of microorganisms to obtain 
efficient oxidation. Once he is sure that 
biological oxidation is progressing ade- 
quately, the analytical procedure can 
be tailored to the observed results. 

Suppose that the B.O.D. for a waste 
stream has a lag period that interferes 
with the 5-day result. Obviously, the 
analyst must choose some other expres- 
sion for B.O.D. Possibly a longer in- 
cubation period is desirable where the 
lag does not have a significant effect on 
B.O.D. development. By selecting a 
suitable incubation period, B.O.D. re- 
sults may better illustrate variations in 
strength of the waste. For example, 
consider a biological oxidation system. 
The influent and effluent materials may 
oxidize at different rates. Hence, 5-day 
B.O.D. results may mean practically 
nothing. The analyst must adjust the 
incubation period to obtain more truly 
comparative values, or he must inter- 
pret the results in terms of ultimate 
B.O.D. 

Extended incubation periods may re- 
sult in nitrification, and, in some cases, 
acclimation may produce nitrifying or- 
ganisms. The advantages of acclimated 
microorganisms and extended ineuba- 
tion periods outweigh the inconvenience 
of the necessary modifications to correct 
for nitrification in the B.O.D. deter- 
mination. 

Another difficulty is encountered in 
the transmission of B.O.D. data to 
other interested persons. Certainly, a 
number can not transfer the impression 
gained through working with a waste. 
It can only portray some measure of 
strength. Attempts to compare col- 
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lectively one waste or material to an- 
other should be on the basis of ulti- 
mate B.O.D. and a general understand- 
ing of B.O.D. development for each 
waste. 
Summary 

The biological oxidation of organic 
chemicals does not proceed always with 
ease and certainty. An inflexible ana- 
lytical procedure, such as that for a 
5-day B.O.D., may not express the true 
nature of biological oxidation of a 
given waste. Experience gained 
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through several years of study by lab- 
oratory and development personnel in 
Union Carbide Chemicals Company 
shows that a true interpretation of 
B.O.D. requires an understanding of: 
(a) toxicity, (b) biochemical stability, 
(c) the manner in which a B.O.D. de- 
velops, and (d) the influence that ac- 
climation of microorganisms has on 
Once these factors are 
understood, the analyst can tailor the 
B.O.D. determination to a particular 


these factors. 


waste. 
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The steel industry has for many 
years been deeply concerned with the 
problem of stream pollution abatement. 
Members of the steel industry have re- 
ported on various water pollution 
abatement activities which have been 
undertaken by individual companies 
and by groups within the steel indus- 
try. The purpose of this paper is to 
present the change in philosophy of the 
pollution abatement research program 
of the steel industry during the past 
four years. 

It is believed that the spirit which 
guides all work in stream pollution 
abatement can be expressed best by the 
opening remarks in the First Annual 
Report for the Ohio River Valley 
Water Sanitation Commission, to wit: 


‘**Whoever may be concerned 
with the abatement of stream pollu- 
tion will find guidance for his ef- 
forts in these words—a river is more 
than an amenity, it is a treasure. It 
offers a necessity of life that must 
be rationed among those who have 
power over it.’ 

“This profound statement forms 
part of an opinion of the U. S. Su- 
preme Court, which was handed 
down in 1931 by Mr. Justice Oliver 
Wendell Holmes in a decision in- 
volving diversion of the Delaware 
River water.’’ 


When consideration is given to the 
rapid rate of increase in population in 
these United States, then the above 
quotation becomes even more meaning- 


* Presented at the 1957 Annual Meeting, 
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ful. It has been estimated that with 
the present pattern of growth, the pop- 
ulation will reach 200,000,000 by 1975. 
Water requirements are expected to be 
almost double the present needs and 
it will be necessary to use as much as 
90 per cent of all water that can be 
developed at reasonable cost. 

Fortunately, the use of water by 
municipalities and industries is essen- 
tially ‘‘non-consumptive’’ and the wa- 
ter is returned to the stream in most 
cases only a little worse for its use. 
The use of water to carry and dispose 
of waterborne wastes is an essential 
one. The problems arise when a stream 
or river is called upon to assimilate 
a quantity of waste or a slug of con- 
tamination that exceeds the stream’s 
capacity for self-purification. Then, 
the job in water pollution abatement 
control work is to see that the maxi- 
mum benefits are derived from the 
legitimate use of the rivers. 

The author’s experience in this field 
of water pollution abatement extends 
over the last 10 years. In that period, 
the basic philosophy of pollution abate- 
ment of many of the people in the steel 
industry has undergone a rather de- 
cided change. 


Early Research 


In the early days of water pollution 
abatement, the focal point for research 
was in the development and evaluation 
of processes for treatment of steel mill 
wastes. Often these activities were 
carried out in cooperative effort with 
equipment suppliers. The necessity for 
cleaning up the particular waste was 
usually pretty obvious. Examples are 
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settleable solids which interfered with 
navigation and large quantities of coke 
plant phenols which gave a medicinal 
taste and odor to finished water at wa- 
ter works during periods of low water 
flow in the rivers. The cause-effect re- 
lationship was easily demonstrable. 
To solve these problems, blast-fur 
nace flue-dust settling basins were con- 
structed and later many improvements 
in thickener design were pioneered and 
put into operation. The gross pollu- 
tion by coke plant wastes was stopped 
by the use of the offending still wastes 
for quenching hot coke, thus keeping 
the wastes out of the river, and by the 
development of dephenolization 
tems for removing the phenols from the 
wastes through the use of heat or sol- 
vents. The development and testing of 
a number of waste pickle liquor dis- 
posal processes led to the operation of 
several for various periods of time. 
At the present, the lime neutralization 
is the only major 
method which has survived. 


SYS- 


process disposal 


ORSANCO 


In 1950, the Ohio River Valley Wa- 
ter Sanitation Commission (ORSANCO) 
requested the steel companies in the 
Ohio Valley to form a committee to 
jointly study their water pollution 
abatement problems. At the start, 
thinking was still pretty much confined 
to the possible development and evalua- 
tion of treating processes for settleable 
solids, phenols, and waste pickle liquor. 
Activities during this period included 
the destruction of phenol 
which was given a thorough investiga- 
tion by one of the steel companies in 
cooperation with the ORSANCO staff. 
Another company pioneered newly de- 


by ozone, 


signed dephenolization equipment, and 
still another studied the destruction of 
phenol in still wastes in both municipal 
and industrial activated sludge sewage 
treatment plants. 
valuable in adding much knowledge on 
the limitations of various methods of 
handling still wastes and led to the 


These studies were 


AND INDUSTRIAL WASTES 


November, 1957 


placing in service of more efficient de- 
phenolizers. 

Although these processes reduced the 
phenol concentration of the effluent to 
the river, they did not completely elimi- 
nate phenol. It became evident then 
that the steel industry would have to 
take the next step and come to grips 
with the heart of the pollution control 
program 
factory ? 


what criteria would be satis- 


As stated previously, the gross pollu- 
tion had already been stopped for the 
most part. The more subtle problem 
of delineating criteria remained not 
only for phenol but also for settleable 
solids, waste pickle liquor, oils, ete. 

As these were thought 
through there was the realization that 


problems 


the policy of the industry, simply 
stated, was against ‘‘treatment for 
treatment’s sake.’’ That is, unless 


some user of the water would receive 
value as a result of the treatment given 
the waste, then the money spent for 
pollution control was actually money 
lost forever from productive work. It 
is realized that treatment costs must in 
the final analysis be passed on to the 
purchasers of the goods and services 
Taken to- 
gether, these last two statements meant 
that unless the pollution control dollar 
was intelligently spent a 
would be done to the economic 
being of the United States. 

Such an approach led to inquiries of 
the regulatory agencies as to the bene- 
fits to be derived the various 
treatment processes already installed 
and to be derived from those under con- 
sideration. It was found that some of 
the regulatory people had given a great 
deal of thought to this problem. In 
some cases the answers had been well 
worked out, but in many instances they 
were quite perplexed about a satisfac- 
tory answer. 


of the companies involved. 


disservice 


well 


from 


The steel industry group working 
with the state regulatory agencies di- 
rectly and through ORSANCO under- 
took to assist in obtaining information 
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as to what happens to the wastes once 
they were put into the river and what 
regulations are required to preserve the 
legitimate uses of the river. It was 
quickly learned that the field was new 
to most of the steel industry people and 
that the problems encountered were 
difficult. However, it is believed that 
most industry people have been happy 
with this change in emphasis on re- 
search efforts because an insight has 
been obtained into the regulatory prob- 
lem which formerly was lacking. 

Dr. Lauren Hitchcock, in the 1956 
Yearly Report of the Air Pollution 
Foundation, had a phrase which de- 
scribes the present water pollution con- 
trol philosophy of the steel industry. 
‘*To borrow medical phraseology .. . 
diagnosis must precede prescription.’’ 
In the past the majority of steel in- 
dustry people connected with water 
pollution abatement were mainly con- 
cerned with the prescription and took 
very little time to consider problems 
connected with the diagnosis. 

To paraphrase some pertinent re- 
marks of that eminent plant patholo- 
gist, Dr. B. L. Richards—‘‘ As in the 
case of human ailments, the responsi- 
bility of those who attempt to diagnose 
the disease suffered by the river is 
great. However, the tragedy resulting 
from misdiagnosis is not the death and 
burial of the patient (the river), but 
rather in the scientific death of the 
diagnostician. Scientific and public 
pressures provide a readily accessible 
burial ground for those who fail.’’ It 
is with these thoughts in mind that the 
steel industry undertook diagnosis-type 
research. 


Industrial Waste Control Policy 
of ORSANCO 


During 1954 and early 1955 the eight 
states making up ORSANCO were 
working on an industrial waste control 
policy and procedure. The steel in- 
dustry action committee, as well as 
other industry groups of ORSANCO, 
were participating intimately in formu- 
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lating and evaluating various pro- 
posals. Principal concern was with the 


diagnosis of the river’s ills and the de- 
termination of the necessary prescrip- 
tions for curing the ills. 

To indicate some of the basie princi- 
ples agreed upon, the following is 
quoted from the Seventh Annual Re- 
port of ORSANCO: 


‘*Recognizing that a stream has 
many uses, it was agreed that protec- 
tion of those uses serving the public 
interest in the most beneficial manner 
would govern design of restrictions on 


the discharge of waste effluents. It was 
further agreed that each industrial 


plant discharge, and the conditions re- 
lating to it—notably the water uses in 
the area and the flow and self-purifica- 
tion capacity of the receiving stream— 
were to be separately evaluated and 
control requirements tailored accord- 
ingly. However, minimum or basic re- 
strictions were stipulated for every in- 
dustrial discharge.’’ 

‘*The Commission believes that it has 
established the framework for engineer- 
ing and economic appraisal of waste— 
control measures that will provide max- 
imum beneficial use of water resources 
in the public interest as contemplated 
by the compact. Furthermore, the 
Commission is confident that the policy 
and procedures can be defended as 
representing a rational, practical, and 
reasonable manner of expediting indus- 
trial waste control.’’ 


The basic industrial waste require- 
ments adopted by ORSANCO on April 
6, 1955, bear repeating here. 


‘*Tndustrial wastes (exclusive of mine 
drainage until such time as practical 
means are available for control) shall 
be treated or otherwise modified prior 
to discharge so as to maintain the fol- 
lowing conditions in the receiving wa- 
ters: 


Freedom from anything that will set- 
tle to form putrescent or otherwise 
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objectionable sludge deposits which 
interfere with reasonable water uses. 
Freedom from floating debris, scum 
and other floating materials in 
amounts sufficient to be unsightly or 
deleterious. 

Freedom from materials producing 
color or odor in such degree as to 
create a nuisance. 


These conditions to be maintained in 
the receiving waters following the dis- 
charge of industrial-waste effluents, are 
basic or minimum requirements. In- 
vestigations will be conducted by the 
Commission as time and circumstances 
permit to establish the need and valid- 
ity of altering or adding to the above 
basic requirements. ”’ 


While these basic principles and re- 
quirements were being spelled out by 
the eight states, the steel industry re- 
search program was being changed ac- 
cordingly. The industry continued in- 
tensively the ‘‘prescription’’ program 
for new and more efficient control meth- 
ods and equipment, and added the ‘‘di- 
agnosis’’ type research to the program. 
The end point is to assist the regulatory 
agencies in their task of tailoring con- 
trol requirements for contaminants. 


“Diagnosis” Research 


At present, the American Iron and 
Steel Institute maintains at the Mellon 
Institute a fellowship whereby work is 
carried on intimately with a number 
of steel company laboratories in an ac- 
tive program covering four interesting 
problems of the diagnosis category. 


Phenol 


Since there was meager knowledge 
available on the concentration of phe- 
nol in rivers and at water works, an 
extensive study was made by the steel 
industry on phenol concentrations in 
the Monongahela, Beaver, Mahoning 
and Ohio rivers to add fundamental in- 
formation in this field. It was found 
that the concentration of phenols could 
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be as high as 100 p.p.b., and that the 
amount of phenol, in pounds per day, 
was often many times more than all the 
industrial loads. This led the Mellon 
group into an investigation of the for- 
mation of natural phenols from algal 
blooms and the decay of vegetation. 
For example, when oak leaves were 
placed in a beaker and allowed to fer- 
ment, 200 to 300 p.p.b. of phenol, as 
well as other taste- and odor-producing 
compounds, were formed. The mech- 
anism for the formation and destruc- 
tion of phenols in a river is not under- 
stood completely. 

As a result of having obtained a 
mass of data, taken over a two-year 
period, which showed that phenol con- 
centrations in the rivers frequently ran 
over 50 p.p.b., the question arose as to 
what concentrations were being taken 
in by the water works and what hap- 
pened to the phenol in the treatment 
Therefore, with the coopera- 
tion of the appropriate state agencies, 
the water works personnel, and the 
ORSANCO staff, data were obtained 
on seven water works to determine the 
relationship between phenol levels and 
medicinal tastes and odors in the 
finished drinking waters. These data 
are now being studied by the regulatory 
agencies. This is by far the most com- 
prehensive study of the over-all phenol 
problem ever undertaken. 

This project is of utmost importance 
to the steel industry, not because of a 
desire to shut down the dephenolizers, 
but because information is needed on 
how efficient the dephenolizers must be 
in order to prevent taste and odor prob- 
lems in the finished water at the water 
works downstream from steel plants. 


processes. 


Settleable Solids 


Another problem is the settleable 
solids. If a modern thickener is in- 
stalled to treat blast furnace wash wa- 
ter, substantially all the settleable 
solids (flue dust) are removed. How- 


ever, the non-settleable solids go to the 
river and scientifically sound informa- 
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tion must be developed on what these 
solids do in the river. If they settle 
to the bottom, do they actually prevent 
organisms from growing? If they re- 
main in suspension until they reach the 
ocean, do they cause harm to the gills 
of fish or otherwise interfere with the 
uses of the water? Answers to these 
problems are receiving study in the lab- 
oratory and through a study of the 
rivers themselves. 


Ferrous Sulfate 


A third problem deals with the rate 
of oxidation of ferrous sulfate in the 
river. It is known that the oxidation 
rate depends on a number of conditions 
such as pH and the presence of the ap- 
propriate microorganism. If the rate 
of oxidation were extremely high, as 
some researchers have assumed, then 
there would be a depletion of dissolved 
oxygen at those locations where rinse 
water from steel pickling enters the 
river. 

To develop basie data, two small 
streams, one containing drainage from 
a coal mine and one unpolluted, have 
had small amounts of waste pickle liq- 
uor added to them. By sampling at 
downstream points it has been shown 
that in shallow streams there is ade- 
quate reaeration to keep the dissolved 
oxygen level near the saturation value. 


Toxicity 


The fourth problem deals with set- 
ting limits on the amount of each con- 
taminant, based on its toxicity. The 
American Iron and Steel Institute 
joined with ORSANCO in sponsoring 
a critical examination of the literature 
on the toxicity of the various materials 
that may be discharged by steel plants. 

The evaluation work now in progress 
covers eight substances important in 
steel plant effluents. Of these, three 
(phenol, pyridine, and naphthalene) 
are organic and the other five (iron, 
ammonia, manganese, sulfur, and tin) 
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are inorganic. Completion of this proj- 
ect will provide a sound basis for limit- 
ing the discharge of toxicants. 


“Prescription” Research 


As mentioned previously the steel 
industry is continuing its research ef- 
forts in developing pollution control 
methods and equipment. 

A new type dephenolizer has re- 
cently been installed by one of the steel 
companies. Previously, two other steel 
companies located in Pennsylvania con- 
ducted pilot-plant operations on vari- 
ous phases of the over-all design. Both 
operations proved ineffective, but they 
did supply the operating data needed 
to improve the design. It is hoped that 
the new unit will be completely satis- 
factory and mark another milestone in 
the development of dephenolizers. 

Seven steel companies are sponsoring 
the Blaw-Knox Ruthner pilot plant at 
Niles, Ohio, to evaluate the practica- 
bility of this type of waste pickle liquor 
regeneration using a hydrogen chloride 
recycle. For some time another steel 
company has had a large pilot plant in 
operation for treating waste pickle liq- 
uor with coke oven gas. 

Modern mill-seale pits have been de- 
veloped and installed by two com- 
panies. In these, the settled mill scale 
is removed continuously for more ef- 
ficient operation. 


Conclusion 


The steel industry is demonstrating 
that it is moving along toward pollu- 
tion abatement in an orderly fashion 
by installing the most modern pollution 
control equipment commensurate with 
the job to be done. Concurrently the 


steel industry, working with the state 
regulatory personnel and ORSANCO, 
have become deeply involved with the 
perplexing problems concerned with 
answering the seemingly simple ques- 
tion—what happens to the wastes after 
they enter the river? 
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The complexity of modern industry 
has brought about niany problems of 
waste disposal. Some of these are read- 
ily solved, but many require ingenuity 
and research. A contributing diffi- 
culty, in many eases, is that through 
plant expansion and industrial concen- 
tration, disposal areas, or bodies of wa- 
ter used for waste disposal, are limited 
or already saturated. One persistent 
problem that has not yet been solved 
satisfactorily is that of treating spent 
acid solutions. 

More than 21 per cent of all the steel 
products made require the removal 
of iron oxide scale with acid during 
some step in the manufacturing proc- 
This removed by im- 
mersing the steel in an acid bath for a 
specified length of time. Chemical re- 
actions occur whereby iron salts are 


ess. seale is 


formed and the acid solution becomes 
depleted and must be discarded. It is 
estimated that in excess of one billion 
gallons of spent pickle liquor must be 
handled annually. 

Pickling of steel started in 1891 and 
the volume of work has increased each 
year with the increase in steel produc- 
tion. Spent liquor was frequently dis- 
charged into nearby streams or lakes. 
As the volume of pickling increased, it 
was apparent that this form of disposal 
was not in the best interests. There- 
fore, the steel industry, cooperating 
with regulatory agencies, has devised 
several means of disposal. 

Many factors must be considered in 
dealing with the problem. The compo- 
sition and volume of the spent liquor 
* Presented at the 1957 Annual Meeting, 
Central States Sewage and Industrial Wastes 
Assn.; June 26-28, 1957. 
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must be known. In addition, disposal 
area conditions or stream conditions 
and stream flow must be determined, 
if stream disposal is to be considered. 
Complete evaluation of these variables 
must be made to establish the degree of 
treatment necessary to maintain stream 
quality. 

Where streams already carry a high 
percentage of acid mine water, dis- 
charge of some pickle liquor should not 
be objectionable. However, should the 
acidity of the stream be increased to 
the point of altering or destroying 
aquatie life, treatment is necessary. 

Although a variety of acids are used 
to pickle steel, depending on the kind 
of product being processed, sulfuric 
acid is used for more than 90 per cent 
of the tonnage pickled. Interest is cen- 
tered, therefore, in methods of handling 
sulfate liquors. 

Steel is pickled by both batch and 
continuous methods. In batch 
method, the steel is suspended in the 
sulfurie acid solution for from 10 min. 
to more than lhr. The resultant liquor 
contains 0.5 to 2.0 per cent free acid 
and 15 to 22 per cent ferrous sulfate. 
In the continuous method, steel strip 
from coils passes through a process line 
that has coil and strip handling equip- 
ment at each end, plus pickling and 
rinsing tanks in the center section. 
Strip runs rapidly through the line, 
remaining in the pickling solution less 
than 30 Spent liquor from a 
continuous pickler is generally from 
5 to 8 per cent free acid and 14 to 16 
per cent ferrous sulfate. 

Many means of spent liquor disposal 
without treatment have been tried. 
These include discharge of the liquor 
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into deep wells, fissures in cavernous 
limestone, abandoned mines, exhausted 
oil and gas sands, artificial lagoons, 
sumps near large bodies of water, and 
sewers terminating in rivers, lakes and 
tidewater. 

These methods occasionally provide 
perfectly natural methods for disposal, 
but sometimes there are serious objec- 
tions to each. Wells and limestone 
fissures may eventually refuse to accept 
more liquor through sealing of per- 
meable strata by deposition of reaction 
products. If the discharge reaches the 
underground fresh-water table, pollu- 
tion will oceur. Artificial lagoons, 
which depend on a combination of bot- 
tom seepage and solar evaporation, oc- 
eupy valuable land area, and evapora- 
tion does not always exceed rainfall. 
Gravel or slag sumps adjacent to large 
bodies of water have been used sueccess- 
fully, but the action of the liquor may 
gradually seal the permeable area and 
require new pits. Where pickle liquor 
is discharged into streams or large 
bodies of water, without proper disper- 
sion, gradual oxidation of its iron may 
color the receiving water in localized 
areas. This makes the water estheti- 
cally objectionable, even though the ac- 
tual pollution effect may be relatively 
slight. 


Treatment 
Volume Reduction 


It is usually necessary to treat the 
spent liquor before disposing of it. 
Therefore, for economic reasons, it is 
advantageous to reduce the volume of 
liquor as much as possible. This can 
be done by minimizing the use of water 
wherever practical, especially rinse wa- 
ter. Rinse water can also be used in 
making fresh pickling solution. Also, 


the sulfuric acid solution should be 


used as long as practical, especially in 
the batch process, to reduce the re- 
quirement for new acid and thus re- 
duce the quantity of spent liquor. 
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Blaw-Knox Ruthner 


One method of treatment, still in the 
experimental stage, is called the Blaw- 
Knox Ruthner process. It is unique in 
that there are no unwanted by-prod- 
ucts. Furthermore, except for the 
make-up needed to supply slight echemi- 
‘al losses, every process additive is re- 
covered. Products of this process are 
sulfuric acid, for re-use in pickling, 
and iron oxide, which can be sintered 
and charged into the blast furnace. 
Therefore, no waste disposal problem 
exists. The economy and practicability 
of this system are yet to be proved. 


Coke-Oven Gas 


Another process involves treating 
raw coke-oven gas with spent pickle 
liquor. After having been detarred, 
the gas is scrubbed with pickle liquor. 
The ammonia and hydrogen sulfide in 
the gas react with the ferrous sulfate in 
the liquor to form ammonium sulfate 
and ferrous sulfide. The iron sulfide is 
oxidized with air or oxygen to ferric 
oxide. Elemental sulfur is liberated in 
this step and later recovered by flota- 
tion as a 95 per cent pure by-product. 
The iron ferrocyanide formed during 
the scrubbing operation is held insolu- 
ble by controlling the pH during the 
oxidation of ferrous sulfide; it is re- 
covered as a by-product by leaching the 
iron oxide with an alkali. Pure white 
ammonium sulfate is crystallized from 
the final liquor. 

This process is attractive for several 
reasons. Maximum value is obtained 
from the original sulfuric acid by using 
it first for pickling steel, then for elimi- 
nating ammonia from coke oven gas. 
The gas is improved as a fuel by re- 
moving most of its hydrogen sulfide, 
and this is converted to a by-product. 
The iron oxide can be sintered for re- 
charging to the blast furnace. The 
process produces substantially no waste 
water. 

The disadvantage of this process is 
that of increasing the total supply of 
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ammonium sulfate which is, at best, a 
break-even operation and, at times, 
even a losing operation. Also, pickle 
liquor and coke oven ammonia are 
rarely in balance. This means that 
existing ammonia saturators would 
have to be retained to remove the sur- 
plus ammonia. An economic evalua- 
tion by pilot-plant operation at a steel 
mill would have to be made before the 
value of the process could be known. 


Neutralization 


The general practice in the steel in- 
dustry is to neutralize spent pickle liq- 
uor with an alkaline material. This 
method is costly because no salable by- 
product is produced. However, the 
capital cost of a neutralization plant is 
much lower than that for a by-product 
recovery plant. The slurry from neu- 
tralization is generally stored in la- 
goons, where bottom seepage and evap- 
oration gradually reduce the volume 
of water in the sludge. The operating 
cost of lime neutralization plants varies 
from $10.00 to $20.00 per ton of acid 
charged to the picklers. This cost may 
be much higher if space is not avail- 
able for lagooning the slurry. The ex- 
pense of neutralization, and the ex- 
tensiveness of its present and future 
use, dictate the necessity for operating 
the process with the greatest economy 
consistent with a satisfactory degree of 
treatment. Efficient treatment will re- 
sult from the application of certain 
basic principles. 

Plant requirements for lime neutral- 
ization of pickle liquor are: (a) an 
acid-proof storage tank with level indi- 


eator and discharge sereen; (b) lime 
storage facilities and a lime slaking 
tank with a level indicator, agitator, 


and discharge screen; and (¢) an acid- 
proof neutralization tank, with agi- 
tator, where slaked lime is mixed with a 
batch of pickle liquor. The chemical 
composition of the lime must be 
known, and the lime must be weighed 
and slaked with a measured quantity 
of warm water. The slurry from the 
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neutralization tank is transferred to a 
lagoon. Refuse from the screens is re- 
moved and dumped. 

Neutralization tanks must be acid- 
proof and large enough to hold a nor- 
mal batch of liquor together with the 
lime slurry required. The volume of 
spent liquor determines the tank size. 
Two or more tanks in parallel are used 
if large daily volumes are produced. 

One or more combination lime slak- 
ing and storage tanks may be used, 
depending on the needs. Lime tanks 
should have agitators, and should be 
calibrated to permit drawing off known 
volumes of milk of lime; a float indi- 
eator on a seale graduated in gallons 
per inch is satisfactory. Sample lime 
analyses should frequently be made to 
assure proper neutralization and qual- 
ity of lime shipments. 

Pickle liquor neutralization is done 
in batches by drawing specified volumes 
of liquor and milk of lime from storage 
tanks. The liquor is drawn first, and 
the milk of lime is added at a moderate 
rate while the mixture is agitated. 
Pickle liquor storage must be large 
enough to accommodate mill fluetua- 
tions. 

The resultant treated slurry is then 
transferred to a lagoon, if land area is 
available, or into a deep sump. A large 
lagoon is preferred because the water 
can evaporate or drain into the ground. 
A sump must be dredged occasionally 
and the sludge removed. In other 
places, the treated slurry must be piped 
or carried by tank car to a suitable dis- 
posal area. 

The preferred neutralization method 
is with high-caleium lime, either as the 
hydrate or as quicklime. It is highly 
reactive and usually available in suf- 
ficient quantities near steel manufac- 
turing centers. 

In this method of lime neutraliza- 
tion, the slaked quicklime is added to a 
batch of pickle liquor in a neutraliza- 
tion tank. During the addition, the 
mixture is agitated and the reaction is 
rapid. Mixing continues for 15 to 30 


| 
| 
— 
4 i 
ie 


Vol. 29, No. 11 


min. after all the lime has been added. 
In small installations, a slurry of hy- 
drated lime may be preferred. The 
slurry from the neutralization consists 
of a mixture of hydrated iron oxides 
and calcium sulfate. 

The slurry produced by the high 
calcium lime method of neutralization 
is discharged to a storage lagoon. De- 
watering of this slurry cannot effici- 
ently be done either by filtration or cen- 
trifugation. Recent pilot-plant work 
has indicated, however, that an advan- 
tage in adding the spent liquor to the 
lime slurry, instead of the reverse, can 
be obtained. Recirculation of the mix- 
ture through a centrifugal pump until 
the reaction was completed produced a 
slurry that could be satisfactorily de- 
watered on a rotary vacuum filter. The 
same investigation disclosed that as 
much as 75 per cent of the filtrate could 
be substituted for fresh water in slak- 
ing the lime. This use of filtrate im- 
proved slurry filterability and resulted 
in a substantial saving of water. 

Local conditions are so variable that 
only general principles can be outlined 
for any waste treatment plant, but con- 
ventional neutralization involves no 
problems of design or operation. 

Pickle liquor is generally treated in 
batches of convenient size. Liquor 
dumping schedules at the mill are gov- 
erned by rate of operation and type 
of steel being pickled. The neutraliza- 
tion plant should, therefore, be pro- 
vided with adequate pickle liquor stor- 
age tanks for making an average com- 
position liquor, thereby simplifying the 
neutralization operation. The dis- 
charge pipe from the storage tank 
should be equipped with a screen to 
prevent refuse from damaging the 


pumps. 
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A variation of the high-calcium lime 
neutralization is the dolomite lime 
treatment. Dolomite lime is not as re- 
active as high-calcium lime, but it has a 
higher basicity. The lower reactivity 
is due to the slight solubility of mag- 
nesium oxide. 

Equipment similar to that used in 
the high-calcium neutralization can be 
used for dolomite lime neutralization. 
However, if the full basicity of dolo- 
mite lime is to be utilized, several addi- 
tional steps are necessary. Experi- 
mental work has shown that pickle liq- 
uor can be completely treated with 
dolomitie lime in about 1 hr. if a 5 per 
cent excess of lime is used, the liquor 
is treated hot, and aeration is provided. 
Introduction of diffused air into the 
neutralization tank speeds the oxida- 
tion rate of the precipitated ferrous 
hydrate. 

The magnesium-oxide component of 
dolomitic lime hydrates much more 
slowly than its high-caleium counter- 
part. This makes it desirable for 
slaked dolomite lime to stand overnight 
before use. Where large volumes of 
liquor must be treated, the saving in 
cost of dolomitie lime over high-calecium 
lime will permit the use of several ex- 
pedients to reduce the reaction time. 

Many other methods for neutralizing 
spent pickle liquor have been proposed 
and tested, some of which have proven 
successful to some degree. Many meth- 
ods, although good, are too expensive, 
others are too slow and some produce 
objectionable end products. 

The individual pickling operations 
must be studied before applying any 
disposal idea. Taking advantage of 
local natural conditions can, at times, 
save thousands of dollars in equipment 
and operation costs. 
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Stream Pollution 


CONCEPTS OF SURFACE REAERATION—A CRITICAL 
REVIEW * 


By M. C. 


New Jersey Agricultural Expe 

The solution of atmospheric oxygen 
in natural bodies of water has been well 
characterized by Phelps (19) as one of 
the principal assets in the oxygen bal- 
ance. As such, this phenomenon is a 
factor of the greatest influence upon the 
self-purification capacity of any stream, 
and hence upon the extent to which that 
stream may be utilized for the disposal 
of organic waste material without being 
impaired for other The 
whole question of reaeration rates, 
therefore, is basic in the fields of both 
stream sanitation and waste disposal. 


purposes, 


Because of its importance, a number 
of attempts have been made to devise 
mathematical formulas by which the 
effects of surface reaeration can be esti- 
mated with reasonable 
practical purposes. It is the object of 
this paper to examine these various 
formulations and to evaluate the pres- 
ent status of our understanding of the 
subject. 


accuracy for 


The First-Order Formula 


A useful expression of the reaeration 
rate under fixed conditions, which still 
finds considerable acceptance and use, 
in spite of the introduction of more 
sophisticated formulas, shows the re- 
aeration rate as a first-order process. 
By definition, a first-order process is 
one whose rate depends on the concen- 
tration of one compound in one phase, 
or the difference in concentrations of 
one compound in two phases. 


Reaera- 


* Paper of the Journal Series, 
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University. 
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iment Station, Rutgers University, New Brunswick, N. J. 


tion fits the latter part of this definition. 

The first-order relationship may be 
derived on a theoretical basis, independ- 
ent of experimental observations, as 
follows: 


The solution of oxygen in water is 
typical of a phenomenon of which many 
other examples are known; that is, the 
dissolution of a gas in a liquid with 
which it does not react chemically. In 
such cases, the solution process appears 
to depend largely on random collision 
with and penetration of the liquid sur- 
face by the gas molecules due to the 
kinetic energy of their thermal agita- 
tion. When this effect is enhanced by 
neither chemical nor electrostatic afin- 
ity between the solvent and solute mole- 
clues (as in the case of molecular oxy- 
gen and water) both solution rates and 
ultimate solubilities are generally low. 


Because the solution process depends 
on the gas molecules’ striking the liquid 
surface in their random thermal move- 
ment, it follows that the rate of solution 
might be expected to bear a direct rela- 
tionship to the number of molecules 
present in a unit volume of gas over- 
lying the liquid surface. The number 
of gas molecules per unit volume is di- 
rectly related to the partial pressure of 
the gas in question. The partial pres- 
sure of the gas, then, is one of the factors 
determining both the rate at which the 
gas dissolves and its final concentration 
in the saturated solution. 

When dealing with the solution of 
one gas from a mixture (for example, 
oxygen from air), the presence of the 
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extraneous gases has no_ perceptible 
effect on the behavior of the gas being 
measured because a gas consists mostly 
of empty space. For instance, at 
standard sea-level atmospheric pressure 
and 0° C., 22.4 |. of gas contain 6.06 
< 10% molecules. The volume of a 
diatomic gas molecule such as oxygen 
or nitrogen is approximated by that of 
a sphere two Angstrom units in diam- 
eter (approximately four cubie Ang- 
stroms, or 4 X 10-* ec.). Then 6.06 
< 10% molecules occupy about 2.4 cu. 
em., or only about 0.01 per cent of the 
total volume occupied by the gas. Be- 
cause of the relatively great distances 
between individual molecules in such a 
system, each one is little affected by the 
number, composition, or even the ab- 
sence of the other relatively distant 
particles; it behaves almost as if it were 
isolated in space. Only with pressures 
far above one atmosphere, and corre- 
spondingly decreased intermolecular 
distances, do the physical interactions 
of the components of a gas mixture be- 
come significant in their rates of solu- 
tion. 

Any gas molecules already dissolved 
in the liquid are also in constant mo- 
tion and, as a result, some escape from 
the liquid surface. The number escap- 
ing in a given time depends on their 
concentration in the solution. 

In most actual cases, therefore, there 
are two opposing effects: free gas mole- 
cules are entering the solution and 
simultaneously, but not necessarily at 
the same rate, dissolved gas molecules 
are escaping. The resulting rate of 
change of dissolved gas concentration 
is, therefore, the difference between 
these two opposing rates (the symbols 
used throughout this paper are defined 
in the Appendix): 

R= Rang: :- 
The proportionality between the rate of 
solution and the partial pressure of the 
gas, p, may be expressed as 


Resiution (2) 
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where a is the proportionality constant. 
Similarly, the rate of escape may be 
expressed as 


= KC........(3) 


where K is the proportionality constant 
and C the concentration of dissolved 
gas. Then the over-all rate of change 
of dissolved gas concentration, R, be- 
comes 


R=ap-KC....... (4) 


By definition, when the solution is 
saturated the two opposing rates are 
equal and 


ap=KQC,..... 

Thus, 
ap 
(6) 


The concentration of the saturated solu- 
tion is proportional to the partial pres- 
sure of the gas. 

From Eq. 6, 


= — 


Substituting for p in Eq. 4 gives 


R=a—C,—K C=K (C,-C)..(8) 


The quantity C,—C is frequently 
called the saturation deficit, D, or the 
undersaturation, U. The latter sym- 
bol is used in the remainder of this dis- 
cussion. 

Eq. 8 gives the rate of increase of dis- 
solved gas concentration at any given 
moment. But as solution proceeds, 
the undersaturation, and therefore the 
rate of solution, change steadily. To 
calculate or predict the total amount of 
gas dissolved over a finite interval of 
time, therefore, becomes slightly more 
involved. The rate of increase of dis- 
solved oxygen concentration, R, may 
also be written as the derivative of con- 


a: 


centration with respect to time, 


Then 


¥ 
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The rate of increase of dissolved gas 
concentration is also equal to the rate 
of decrease of undersaturation, as both 
are expressed in concentration units. 


This latter form is more convenient for 
integration, because it contains only 
two variables, t and U, C having been 
eliminated. Eq. 10 may be rewritten 


dv 
Kdt =- 


Integrating between the limits ¢; and fo, 


K (te — t:) = In U2 — In U;.. (12) 
or 


K (At) = In (U;/U; 


, (13) 


Eq. 13 can be used to predict the change 
of undersaturation over a given time 
interval when K is known, because 


then 


lor practical purposes, it is more con- 


venient to use common logarithms 


1 
10 20 30 


ko 
TIME IN HOURS 


FIGURE 1.—Reaeration as a first-order 
process. 
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The transformation is easily performed. 
Because 


In x = 2.30 log. z,...... (16) 
K (At) = 2.30 log. (U1/U2). . (17) 
or 
K 
9 39 (At) = log. (U1/U2). (18) 
1e factor 30 is a constant, ant 


may be represented by the symbol k. 
In the sanitary field, the symbol is usu- 
ally written ke, because k; has been 
used for the rate constant of biological 


oxidation. Thus, 
ke (At) = log. (U;/U2).... (19) 
Rewritten 
log. Us = log. U; — ke (At). . (20) 


the expression has the form of a linear 
equation. If log. is a constant, as it 
is during the course of any given experi- 
ment, and if —ke is constant, then log. 
U. and t are the dependent and inde- 
pendent variables, respectively. This 
linearity is illustrated by the experi- 
mental data plotted in Figure 1. 

The constant ke has the dimensions 
of reciprocal time, usually days~. It 
expresses numerically the fraction of 
the existing undersaturation which will 
be relieved in one unit of time under 
the existing conditions. For practical 
purposes it has the disadvantage that 
its physical significance is slightly 
difficult to visualize. Also, kz is itself 
a function of several variables, including 
the physical characteristics of the sys- 
tem in which it is measured. For ex- 
ample, if the depth of the liquid be- 
neath the reaerating surface is doubled, 
ke is halved. Likewise, if the area of 
the gas-liquid interface is changed, kh» 
varies correspondingly. For some pur- 
therefore, other means of ex- 
pressing rates of reaeration are prefer- 
able. 

Adeney (1), for example, used an 
expression which was independent of 
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depth. His conclusions regarding re- 
aeration rates were expressed in his 
formula: 
w= WwW, — woe (21) 
Substituting for their equivalents the 
symbols used earlier in this discussion, 
Adeney’s formula becomes 
Ce 


C, F449 (22) 


where A = area of gas-liquid interface, 

in sq. em.; 

V = liquid volume, in ce.; and 

f = Adeney’s constant for re- 
aeration rate. 


Rearranging, 


(C, — = C, — Ce. . (23) 
Because 
Eq. 23 becomes 
U, e = Uy..... 25) 


Taking logarithms, 
(In U,)+—f(A/V) (At) =In U2. . (2 
or 


f(A/V) (At) = In (U4/U2). . (27) 
Eq. 27 is closely comparable with Eq. 
13. However, in Adeney’s formula, 
minutes were used as the time unit. 
Because K and ky are now more usually 
expressed in reciprocal days, for strict 
comparison with Adeney’s work Eq. 13 
must be written 


2 
440 (44) = In (Us/U2).... (28) 


Then 


f(A/V) = K/1,440, 


or f 1,440 A’ (29) 
But 
k, = K/2.3........ (30) 
so 
2.3k2 V 
2.3k2 (31) 
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For a container with vertical sides, V/A 
equals the depth in centimeters, L. 
Then 


Adeney’s constant, f, is thus seen to 
be independent of depth because depth 
is separately accounted for in the eal- 
culations. In effect, it expresses the 
reaeration rate at unit depth; that is, 
what the reaeration rate would be if the 
container were one unit deep. Some- 
times its use is convenient for eliminat- 
ing the effect of variable depth from a 
comparison of two or more systems, al- 
though the same thing can be accom- 
plished in terms of ky simply by multi- 
plying the observed value of k. by the 
depth in each case. Otherwise, Ade- 
ney’s constant has the same advantages 
and disadvantages as the first-order 
reaeration constant ke, being simply 
and readily calculated from the ob- 
served data but not easily interpreted 
directly in terms of its physical signifi- 
vance. 

Streeter (20) (21) (22) introduced sev- 
eral expressions of reaeration rate which 
overcome this disadvantage, because 
they state directly the rate of increase 
of dissolved oxygen concentration under 
specified conditions. Going back to 
Eq. 8, if R is expressed in milligrams per 
liter per day (or parts per million per 
day), the formula is easily converted to 
give the actual weight of oxygen being 
dissolved per time unit. 


Mg. O2/day = — C) V.. (33) 
or 
K(C, — C) V 
Gm. O./day = — (34) 


where V is the liquid volume in liters. 
Eqs. 33 and 34 have a definite and 
easily understood physical significance. 
However, for many purposes it is better 
to express the rate as the weight of 
oxygen per unit surface area. This is 
easily done by dividing through the 


f 2.3 ke L (32) So 
— 
| 
a 
au 
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last equation by the surface area (grams 
of oxygen per square meter per day), or 


Gm. O2/sq.m./day 
K(C, — C) V 


1,000 A 


For a container with vertical sides, 
V/A equals the depth, L, in millimeters. 
In this case, then, 


K(C, — C) L 
Gm. O:2/s ay 
m. Oo/sq.m./day 1.000 
KUL 23kUL ,. 
1,000 1,000 


Streeter designated this quantity by 
the symbol r:. 

Alternatively, and perhaps better, 
the rate may be expressed as 


Mg. O./sq.em./day 


-,. (37) 


with the depth expressed in centimeters. 
Formulations such as these have the 
advantage of expressing the, reaeration 
rate in terms easily understood. But 
r,;, in any units, has one rather serious 
disadvantage, as compared with kh» 
and f, in that its value changes contin- 
uously as reaeration proceeds. In ex- 
perimental work, this means that to test 
the effect of any factor on reaeration 
in terms of r;, the rates must be com- 
pared at the undersaturation, 
which is often inconvenient. 
This situation was met in 5 
work by comparing reaeration rates at 
dissolved oxygen concentrations, C, of 
zero, so that U, which equals CU, — ©, 
equalled C,. This rate was designated 


same 


treeter’s 


ro. 


KC,V 


~ 1,000 A 


1.000 (38) 


To 

The use of ro presents several ad- 
vantages. It is in effect a true rate 
constant ; for a given temperature, baro- 
metric pressure, and depth it bears a 
constant relationship to ky Yet it is 
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expressed in units the meaning of which 
are easily understood. A further ad- 
vantage is that ro is quite readily cal- 
culated from two observations of the 
dissolved oxygen concentration, C, the 
elapsed time between observations, the 
known depth, L, and the value of C, 
calculated from the water temperature 
and barometric pressure : 


Co—C, L 
=r (39 
days 1,000. 
C, 100 10 
saturation 


The one difficulty is in knowing the 
exact value of C which corresponds to 
the observed value of rm. Frequently, 
the average between C, and C2 is used, 
but this at best is only an approxima- 
tion. 

A better approach, perhaps, is to use 
the observed data to calculate ke, then 


use k» to find ro: 


— log. (U;/Us2).... 


2 = (At) 


2.3k2C, L 
1,000 


fo = . . (38) 


Because C, is not constant from time 
to time or place to place, due to vari- 
ations of water temperature and baro- 
metric pressure, some prefer to 
consider the reaeration rate per unit of 
undersaturation. This value is equiv- 


alent to the value of r,; when U = 1: 
2.3 U L (37 
1,000 
2.3keL 19 
(42 
1,000 


r, then has the units, milligrams of 
oxygen per square centimeter per day 
per parts per million of oxygen deficit. 
It is a true rate constant, readily under- 
stood and easily calculated from analyt- 
ical observations, and it overcomes the 
defects of the other expressions previ- 
ously considered. 


4 
| 
1,000 
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The Diffusion Formula 
of Black and Phelps 


A basically different approach to ex- 
pressing the course of reaeration mathe- 
matically was used by Black and Phelps 
(2). 

The fundamental assumption is that 
under quiescent conditions the gas 
molecules dissolved at the interface are 
distributed through the water by diffu- 
sion. It may be visualized as a result 
that under conditions of absolute 
quiescence, the water at the interface 
becomes saturated with gas in a very 
short time, and that diffusion from this 
saturated film through the body of the 
liquid controls the over-all rate at which 
the concentration of dissolved gas in 
the body of the liquid increases. If 
this assumption is correct, the reaera- 
tion rate may be calculated from the 
general formula governing the diffusion 
of solutes, which is known as Fick’s law. 
This law states that the rate of diffusion 
is directly proportional to the concen- 
tration gradient: 

ds D de 

The proportionality constant, D, is 
known as the diffusion constant of the 
solute in question. Eq. 43 has been 
integrated by Black and Phelps (2) and 
Phelps (19) to give the average under- 
saturation of the whole body of water 
after reaeration has been proceeding for 
any given length of time, ¢t, at a rate 
limited by the rate of diffusion: 


9Kp 
U; X 0.811 
€ 25Kp 


The symbol K, is used here in place of 
the author’s K, to provide a distinction 
from the K of previous equations, 
which represented the proportionality 
constant relating the reaeration rate to 
the undersaturation. KA, represents a 
function of the diffusion constant D, 
the depth of the liquid L, and the time 
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interval ¢, during which reaeration has 
been proceeding. 


rDt 
= Gye GS) 


Eq. 44 cannot be solved for K,, and 
consequently not for D. 

The infinite series of Eq. 44 converges 
rapidly, hence its sum can be well ap- 
proximated by using only the first few 
terms. Black and Phelps (2), using 
the first three terms of the series, have 
prepared tables showing the values of 
the sum, designated Sx, corresponding 
to various values of K,. If now Eq. 41 
is rewritten 

Uz. = X 0.811 Sx.... (46) 
Sx may readily be calculated from ob- 
served values of U; and U». The cor- 
responding value of AK may then be 
found from the tables, and the value of 
D may be calculated. At 20° C., with 
L expressed in centimeters and time in 
hours, D has the value 1.42 cm.? per hr. 
The corresponding value of Ky, is 
0.000247 per hour for a depth of 1 
meter. 

Streeter, Wright, and Kehr (23) 
tested the agreement of the Phelps 
formulations with experimental data, 
and found it generally good at low 
rates of flow. A sample of their data, 
and its comparison with calculated 
values, appear in Table I. 


TABLE I.—Reaeration Data of Streeter, 
Wright, and Kehr* Compared with 
Calculations Based on the Formula 

of Black and Phelpsf 


Saturation (%) 


Time  |Flow Rate 0.5 ft./min.| Flow Rate 1 ft./min. 
(hr.) | 

Cale | Obs, | Cale. | Obs 
2.0 | 144 | 128 | 208 | 19.7 
2.9 | 220 | 20.7 | 282 | 288 
4.2 | 30.0 27.8 37.0 33.3 
4.5 36.0 | 34.0 40.7 | 37.4 

| 


* Reference 23. 
t Reference 2. 
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TABLE II.—Effect of Relative Humidity of 
the Air on Reaeration Rates in 
Quiescent Water 


D. O. Concentration 


Relative (% of saturation) 
Humidity 
(%) 
Initial Final 
0 | 10.3 63.2 
100 | 10.3 31.3 


The authors pointed out that the 
agreement observed may mean that 
when flow is very sluggish, the reaera- 
tion rate may be determined primarily 
by the rate of diffusion. 

Agreement between calculated and 
observed values better than that dem- 
onstrated by these authors is hardly to 
be expected for the following reasons. 
First, any of the available methods of 
determining dissolved oxygen is sub- 
ject to an inherent analytical error of 
about 0.1 to 0.2 p.p.m., which is usu- 
ally quite significant in relation to the 
concentration of dissolved oxygen pres- 
ent. Also, it has recently been shown 
(26) that the figures for the solubility 
of oxygen which were accepted at the 
time the work was done (4) were prob- 
ably erroneous. 

A second factor adversely affecting 
the agreement between calculated and 
observed reaeration values is the fact 
that it is difficult, if not impossible, to 
produce a condition of absolutely per- 
fect quiescence. As early as 1926 
Adeney (1) pointed out that if nothing 
else causes turbulence, evaporation as it 
cools the water surface gives rise to 
minute density currents which cause 
some degree of stirring. In support of 
this contention, he was able to demon- 
strate that the relative humidity of the 
air exerted a measurable influence on 
the reaeration rate. A few values from 


Adeney’s data pertinent to this effect 
appear in Table II. 

Adeney also presented some data for 
humidities between zero and 100 per 
cent, but the exact humidities are not 
stated in those cases. 

O’Connor and Dobbins (16) likewise 
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have shown that it is not correct to 
assume that the reaeration rate is con- 
trolled by molecular diffusion through- 
out the entire liquid depth, because, 
except very close to the surface, the 
effect of molecular diffusion is negligi- 
ble compared to the transport resulting 
from “eddy diffusion.” As a result, 
Eq. 44 cannot be expected to apply 
accurately. On theoretical grounds, 
then, the agreement between the Phelps 
formula and observed reaeration rates 
must be considered to represent cases 
in which the error of assuming no con- 
vective transport of dissolved oxygen 
within the body of the liquid is relatively 
low. This agrees with the observation 
that the agreement is acceptable only 
at low flow rates. 

In addition, practical application of 
the formula suffers from the limitation 
that the value of K, and the effective 
value of D must be experimentally 
determined for any given set of condi- 
tions. 


The Two-Film Theory of 
Gas Transfer 


A theoretical approach to reaeration 

which may offer considerable promise is 
the two-film theory of gas transfer 
developed and first used in the chemical 
engineering field in connection with the 
general problem of the transfer of gases 
between liquid and gaseous phases. 
Jecause reaeration is a special case of 
this broader problem, it should be 
subject to the same theoretical ap- 
proach. 

The basic theory was developed by 
Lewis and Whitman (13), restated by 
Hollings and Silver (8), and first ap- 
plied to atmospheric reaeration of water 
by Holroyd and Parker (9)(10). Since 
the work of Holroyd and Parker ap- 
peared, several other workers have pre- 
sented more refined derivations pred- 
icated upon the same basic approach 
and leading in general to equivalent 
formulations. The refinements become 
significant primarily under conditions 
of extreme turbulence. 


= 

—- 

= 

“4 
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The fundamental assumption in- 
volved is that for an infinitesimal dis- 
tance on either side of the gas-liquid 
interface, convective transport normal 
to the interface is zero. It is further 
assumed that convective transport 
normal to the interface increases rapidly 
with distance from the interface, so that 
in a short but finite distance it ap- 
proaches the value characteristic of the 
main body of each fluid. Figure 2a 
shows the relationship visualized be- 
tween distance and convection. 

It should be noted that Figure 2a is 
not a plot of experimental data. The 


| 
| 
| 
A. CONVECTION 
| 
| 

| 


C. CONCENTRATION 
GRADIENTS AT 
EQUILIBRIUM 
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relationship would be difficult to dem- 
onstrate because of the extremely small 
distances involved, and even the units 
of expression for convection might be 
the subject of some argument. Figure 
2a illustrates, in a somewhat qualitative 
way, the situation which is assumed to 
exist as the basis for development of the 
theory. 

The mathematics are simplified and 
the results very little changed if the 
curves of Figure 2a are approximated 
by replacing each one with a thin film 
of finite thickness in which convection 
is zero and if convection behind the 


| 
H 
| 
| 

| 

B. APPROXIMATION OF A 
=z 
| 


D. PRE-EQUILIBRIUM 
CONCENTRATION 
GRADIENTS 


FIGURE 2.—Convection and concentration gradients near a gas-liquid interface, 
as visualized by the two-film theory. 
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nonconvecting films is assumed to be 
uniform throughout the body of each 
fluid. Figure 2b illustrates this ap- 
proximation graphically. Through 
these non-convecting films, gas transfer 
can oecur only by diffusion. Once the 
surface has come to equilibrium, the 
concentration gradients in the vicinity 
of the interface are approximately rep- 
resented by Figure 2c. It is important 
to note, however, that the state repre- 
sented in Figure 2c is not attained in 
infinitesimal time. 

On the basis of the general assump- 
tions of the theory, the rate of gas trans- 
fer appears to be limited by the thick- 
ness of the nonconvecting films and 
their diffusion. It is 
shown by the authors cited that the 
resistance of the gas film is so low as to 
be negligible, unless the gas in question 
soluble, and present in low 
concentration in the gas 
cause neither of the conditions applies 
to atmospheric reaeration of water, 


resistance to 


is very 


phase. Be- 


for our present purposes the reaeration 
rate can be said to be controlled by the 
thickness and resistance to diffusion of 
the nonconvecting liquid film. 

Holroyd and Parker have calculated 
values of the effective thickness of the 
liquid film from Adeney’s experimental 
data as well as from their own. The 
values are found to range from 0.004 
mm. on bubbles to 1.5 to 2 mm. on 
quiescent water. Similarly, Dobbins 
3) states that the data of Ippen and 
Carver (11) indicate that the effective 
film thickness around rising air bubbles 
is about 0.01 mm. 

From the mathematical de- 
veloped on the basis of this theory, it 


model 


becomes possible to explain the factors 
determining the value of the reaeration 
rate constant f. The rate should be 
inversely proportional to the film thick- 
ness x, and directly proportional to the 
diffusion constant of the dissolved gas 
D. The diffusion constant of dissolved 
oxygen is difficult to determine, but 
from the various reported values, Hol- 
royd and Parker concluded that the 
most probable value is 1.85 K 10-5 sq. 
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em. per sec. at 15° C., with a thermal 
coefficient of 1.02 (2 per cent per ° C.). 
If, then, 


D 
. (47) 


and the value of D is known or assumed, 
either f or x may be calculated if the 
other can be independently measured. 
Inasmuch as independent measurement 
of x has not yet proved feasible, f is ex- 
perimentally observed, and x is caleu- 
lated from it. 

To find f from an observed rate of 
reaeration requires knowledge of the 
depth factor (better called the “recipro- 
cal depth”), A/V. For many turbu- 
lent systems, A/V has been calculated 
only from the observed reaeration rate 
(ke). In such systems, therefore, cal- 
culation of f, and therefore of 2, 
There however, two 
types of systems in which A/V can be 
independently determined with reason- 


is not 


possible. are, 


able accuracy. In quiescent systems, 
direct measurement of the dimensions is 
In laboratory experi- 
ments on bubble aeration, the total sur- 


often possible. 


face area of the bubbles in suspension at 
a given moment has been successfully 
estimated from photographs of the 
system, permitting calculation of the 
factor A/V. In cases where A/V can 
be so determined, the observed reaera- 
tion rate may be used to calculate f, 
which in turn permits calculation of the 
film Such calculations, 
however, still provide only an indirect 
evaluation of the effective film thick- 


thickness, x. 


hess. 

The two-film theory applies only in 
certain cases; namely, those in which a 
surface exists sufficiently long to reach 
the equilibrium state represented in 
Figure 2c. Also, for the relationship 
of Eq. 47 to hold exactly, the amount of 
dissolved gas contained within the non- 
convective liquid film must be insignifi- 
cant compared to that which is trans- 
ferred through the film during its exist- 
ence. 

When a new surface is formed, the 
steady state will be attained only after 


3 
j= 
4 
4 
a 
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a short time interval, which varies with 
the square of the film thickness. Dur- 
ing this induction period, the concentra- 
tion of dissolved oxygen in the vicinity 
of the interface will vary as shown ap- 
proximately by the successive curves of 
Figure 2d. 

Holroyd and Parker report that the 
length of the induction period before 
the steady state is attained varies from 
| microsec. for the very thin films of 
bubbles to as much as 90 sec. under 
quiescent conditions. Dobbins (3) 
gives a minimum value of about 10 
microsec. 

If the new surface film is swept into 
the body of the liquid before the steady 
state is attained, the amount of dis- 
solved oxygen it contains depends on 
how much has diffused into it and, 
therefore, on the time of exposure, t,. 
From Fick’s law of diffusion (Eq. 43), 
Holroyd and Parker derived the rela- 
tionship between f and ¢,: 


(48) 


In this equation, it is noteworthy that 
f can become very large as t, becomes 
small. 

The relationship of Eq. 48 applies 
when the gas transferred consists en- 
tirely of that contained in the noncon- 
vecting liquid film. When the gas con- 
tained within the film is an insignifi- 
cant part of the total transferred, the 
value of f is given by Eq. 47. This 
leaves an intermediate range of condi- 
tions, when the total gas transferred is 
greater than, but not overwhelmingly 
greater than, that contained in the film. 
As the time of exposure of each new 
surface formed increases to equal the 
induction period, f can be expected to 
decrease from the high value given by 
Eq. 48 to a value in accordance with the 
two-film theory for the value of x under 
the prevailing conditions. For bubble 
aeration, where the film thickness, 2, is 
of the order of 0.004 mm., the induction 
time is around 1 microsec., according to 
Holroyd and Parker. The two-film 
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theory, therefore, should be expected to 
apply during the rise of the bubble. 
In still water, on the other hand, where 
x=1.5 to 2.0 mm., the induction 
period is as long as 90 to 120 sec. 


Pasveer’s Diffusion Formulas 


Pasveer (17) (18), although concerned 
primarily with bubble aeration, has de- 
rived a set of formulas which are also 
applicable to surface reaeration. He 
expresses considerable dissatisfaction 
with the two-film theory, because of the 
imaginary nature of the non-convective 
liquid film, and states that application 
of this concept to real situations results 
in erroneous conclusions. This of 
course will be true, unless care is exer- 
cised to use the theory only within the 
limits of application of the approxima- 
tions it involves. It is suitable for use 
only in cases when a newly formed inter- 
facial area exists for a relatively long 
time before being replaced; that is, for 
situations of low or moderate turbu- 
lence. For the theory to apply, each 
new interface must exist undisturbed 
not only long enough to reach the steady 
state assumed in the derivation, but 
also for some time after such a state is 
reached, so that the quantity of gas 
transferred by diffusion through the 
hypothetical film is very large com- 
pared to the quantity contained within 
it. 

On the other hand, Pasveer feels 
that the first-order formulation is in- 
adequate for a theoretical consideration 
of reaeration, as it involves no visualiza- 
tion of the actual course of events at the 
gas-liquid interface. He also cites the 
fact that first-order reaeration constants 
are functions of the physical conditions 
under which they are determined. 

Pasveer’s reaeration equations, there- 
fore, are based on, and derived directly 
from, Fick’s law of diffusion. When 
the transfer is due entirely to diffusion 
(that is, in absolutely quiescent sys- 
tems), the following equation results: 


|| 
D 
wl, 
| 
Dt 
Q=2AU4/—......(49) 
be? 
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in which Q is the weight of gas trans- 
ferred, D is the diffusion constant of the 
dissolved gas, t is time, A is interfacial 
area, and U is undersaturation. 

From Eq. 49 an interesting deduction 
is possible. Divided by the liquid 
volume to give the reaeration rate in 
our usual terms, it becomes 


= 2—U —...... (50 
0) 


from which 


dl’ A |. D 
Vidt...(51) 

Eq. 51 then integrates to 
Uo A |[D 


If Eq. 50 is now compared with the 
first-order formulation, 


. (52) 


nT = K t (53) 


it is seen that in a perfectly quiescent 
system, AK is not constant, but is a 
function of time: 


k A Dt 
A = 
VV « 
No system yet examined has shown 
this time-dependence of AK under fixed 
conditions; therefore, it must be con- 
cluded that an absolutely quiescent 
system has not yet been realized. 


Effect of Turbulence 


One of the most important variables 
affecting reaeration rates is the turbu- 
lence of the water. Its general effect is 
well known. Higher rates of reaera- 
tion, associated with more vigorous 
stirring of the water, or faster rates of 
flow, have been repeatedly observed. 
But until very recently, investigators 
attempting to formulate the effect of 
turbulence into useable mathematical 
relationships were handicapped by a 
lack of suitable mathematical expres- 
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sions of turbulence itself. As a result, 
all but the most recently proposed 
formulations are essentially empirical 
in nature. 

One of the earliest attempts to assess 
and formulate the effect of turbulence 
upon reaeration was that of Black and 
Phelps (2). Having derived their diffu- 
sion formula for reaeration, these 
authors proposed that the effect of any 
given degree of turbulence could be 
duplicated by a hypothetical situation 
in which the water remained perfectly 
quiescent for a series of equal time inter- 
vals, after each of which there occurred 
instantaneous and complete mixing. 
Turbulence could then be expressed, 
for example, as the effective number of 
such mixings per hour, or as the length 
of the hypothetical quiescent periods 
between mixes. On this basis, Velz 
(27) prepared tables showing the values 
of K, for various effective periods be- 
tween mixes, and for various depths. 

The one difficulty with this ap- 
proach is that there is no way to cal- 
culate the number of effective mixes 
from observations of the turbulence or 
the rate of flow. Thus it becomes nec- 
essary in practice to determine the rate 
of reaeration in order to calculate the 
effective number of mixes per hour. 
The latter figure can then be used to 
predict reaeration rates. But since 
determining the reaeration rate is pre- 
requisite, prediction may then become 
unnecessary, or may be equally well 
accomplished through the calculation of 
ko, f, ro, or 7, Without considering 
effective mixes. Neither does the con- 
cept of effective mixes make possible 
prediction of the results of a given in- 
crease in turbulence or rate of flow, since 
such an increase is not necessarily as- 
sociated with a given change in the 
effective mixes. 

An alternative interpretation of the 
effect of turbulence is basically that of 
Velz, although others have made cer- 
tain contributions. Velz pointed out 
that turbulence has the effect of reduc- 
ing the distance through which the dis- 
solved gas must diffuse. Therefore, 
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the effect of turbulence may be ac- 
counted for by replacing depth in the 
diffusion formula with “effective 
depth,” which will be less than the 
true depth. And the greater the tur- 
bulence, the greater will be the differ- 
ence between the two. This concept 
has some advantage, perhaps, over 
that of effective mixing rate, in that it 
may be applied to a wider range of 
conditions, including aeration by bub- 
bling or spraying as well as quiescent or 
flowing water. However, the same dis- 
advantage arises; the effective depth, 
like the effective mixing, cannot be cal- 
culated from independent observations 
of any kind. Because either can only 
be evaluated by observing the reaera- 
tion rate under any given set of condi- 
tions and calculating back, neither 
concept has greatly aided direct pre- 
diction of the effect of turbulence. 

Pasveer (17) (18) points out that the 
effect of turbulence may be visualized 
in either of two ways. Either the 
surface layer remains undisturbed and 
the concentration gradient is increased 
by the movement of unsaturated water 
into the area, or the surface layers 
themselves are continuously replaced. 
Pasveer uses the second concept, that 
of continuous replacement of the sur- 
face layer. To make mathematical 
treatment possible, however, he sub- 
stitutes a hypothetical situation in 
which the entire system remains undis- 
turbed for a finite time, ¢,, and is then 
mixed instantaneously and completely. 

If the time of existence of each newly 
formed interface is ¢,, then in one unit 
of time the surface is replaced 1/t, 
The quantity of oxygen diffus- 
ing into the water between mixes is, 
from Eq. 49, 


times. 


Dt. 
(55) 
and in unit time 
Q=2AU- (56) 
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Pasveer’s equation for reaeration rate 
is then 


dC A D 
25 (7) 
Substituting for and rearrang- 
ing, 
dU A J D 
(Note that here ¢, is constant.) Inte- 
grating, 
.Al[D 
In 7° 2 (59) 


If Eq. 59 is compared with the first- 
order formulation, Eq. 53, it is found 
that 


A [D 
Since 
A 
K = fy. ; . (61) 


This last relationship is the same as 
that shown by Holroyd and Parker for 
turbulent systems. Pasveer’s work, 
however, shows that it must apply to 
all systems, including those to which 
the two-film theory also applies, and 
excepting only the apparently unat- 
tainable condition of perfect quiescence. 

Eq. 57 contains two independent 
variables, the reciprocal depth A/V, 
and the time of exposure ¢,.. One of 
these must be known or assumed before 
the other can be found. This familiar 
situation led Pasveer to conclude that 
“in the case of water in motion, the 
rate at which oxygen is absorbed can 
never be calculated without recourse 
to experiment.” 

The most promising approach to the 
problem of reaeration in turbulent 
water is that presented recently by 
O’Connor and Dobbins (16), who dis- 
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card the previously used mathematical 
models approximating the effect of 
turbulence. Instead, they employ an 
expression for the actual age distribu- 
tion of the elements of surface area. 
Since each element of surface is likely 
to be replaced at any moment after its 
formation, and since the probability 
of its replacement is independent of its 
age, the resulting age distribution has 
the form of a logarithmic decay curve: 


Ay ret... (62) 

in which 
A, = the fraction of the total sur- 
face area which has the age ¢; 


and 


r = the fraction of the total are: 
replaced in unit time. 


From this age distribution function 
and Fick’s diffusion formula, 
O’Connor and Dobbins have derived 
an expression for kz in terms of the rate 
of surface replacement: 


basic 


. (63) 


Since r is a reciprocal time function, the 
final expression is comparable to Eq. 48. 

More important still, for certain 
types of flowing bodies of water, they 
have presented expressions of r in 
terms of independently measurable 
hydraulic data—the water depth, the 
flow velocity, and the slope of the 
energy gradient. Thus, for the first 
time, it becomes possible to predict 
reaeration rates by a method completely 
independent of their prior measurement. 

So far, the system has been worked 
out only for bodies of water in which 
turbulence results primarily from flow. 

TABLE III.—Effect of Temperature 


on Reaeration Constants 


ke | To 


Temperature 

Range (° C.) | 
0-10 0.46 | 0.0049 | 0.85 
10-20 | 0.76 | 0.0085 | 1.07 
20-30 | 1.16 0.0130 1.23 
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In relatively quiet water, where any 
turbulence which occurs is due princi- 
pally to wind action and thermal con- 
vection, reaeration still cannot be inde- 
pendently predicted. However, the 
approach employed by these authors 
may well prove suitable for extension 
to cases of the latter type. 


Effect of Temperature 


In deriving the various expressions 
of the first-order formulation for reaera- 
tion rate, one of the basic assumptions 
was that the entry of gas molecules into 
the liquid surface was a result primarily 
of their thermal agitation. Since the 
intensity of this agitation varies with 
the temperature, it may be expected 
that variations of temperature will 
affect the rate of solution. The rate of 
escape is likewise affected, however. 
There may be some question as to 
which effect is the more important, al- 
though the logical assumption is that 
the system will tend to approach equi- 
librium more quickly at higher temper- 
atures. 

The effect of temperature has been 
subjected to adequate experimental 
testing, however, so that assumptions 
are unnecessary. For example, the 
data of Table III are taken from 
Streeter, Wright, and Kehr (23). 

Such results indicate a definite tend- 
ency for reaeration rates to increase 
with temperature, but further interpre- 
tation is required to formulate the 
effect mathematically in order to per- 
mit prediction of the effect in cases not 
tested experimentally. 

In many cases the rates of processes 
dependent upon the concentration of a 
single constituent respond to tempera- 
ture changes in accordance with the 
law: 


(T,—T2) H = log. ke—log. ky. . (64) 


where 7’; and 7’, are absolute tempera- 
tures, k, and are the corresponding 
first-order rate constants, and H is a 
physical constant, the heat of activa- 
tion of the process. Letting H = log. 
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0 and taking antilogarithms of both 
sides of the equation, 


= ke/ky....... (65) 


Since the rate of reaeration is depend- 
ent on the concentration of one sub- 
stance, Streeter, Wright, and Kehr 
tested this formulation for the effect of 
temperature for agreement with experi- 
mental observations. If the formula- 
tion is correct, a constant value of 0 
should result over a considerable tem- 
perature range. The authors computed 
their temperature coefficients from a 
number of sets of data taken under 
various conditions, with the results 
shown in Table IV. 

The temperature coefficients of ke 
and f are seen to agree closely. That 
for ro is lower, since ro is a function of 
C,, the solubility of oxygen, which de- 
creases With increasing temperature. 
The decreasing solubility partially off- 
sets the faster approach to equilibrium. 

The constancy of the temperature 
coefficients, determined under varying 
conditions, indicates that the assumed 
relationship between temperature and 
reaeration rates is probably correct. 
More convincing, perhaps, is the fact 
that temperature coefficients calculated 
from the data of other laboratories also 
agree well with those presented in the 
table. For example, from the data of 
Haslam, Hershey, and Keen (7) Streeter 
calculated that 0,, = 1.016. Unpub- 
lished observations in this laboratory 
likewise substantiate Streeter’s con- 
clusion regarding the effect of tempera- 
ture. 

Velz (27) determined the temperature 
coefficient of the diffusion constant D 
in Phelps’ diffusion formula. He found 
that an equation of the same general 
form applied, and that the temperature 
coefficient of D was about 10 per cent 
per °C. That is, 


Dr = X 1.1°T-™.... (66) 


O’Connor and Dobbins (16) point 
out that according to the Stokes-Ein- 
stein equation for the temperature de- 
pendence of diffusion rates, kz, should 
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TABLE IV.—Temperature Coefficients of Re- 
aeration Constants, Determined Under 
Various Conditions 


Oks ey 
1.042 | 1.039 1.005 
1.051 1.058 1.023 
1.054 | 1.054 | 1.015 
1.043 | 1.044 | 1.014 
1.049 1.047 1.020 
1.046 1.045 1.017 
1.042 1.045 1.019 
Mean: 1.047 1.047 1.016 
Mean dev.: 
—0.004 | —0.005 —0.004 


vary as the square root of the ratio 7T'/z, 
where 7 represents the absolute tem- 
perature and uw the temperature co- 
efficient of viscosity. Reaeration rates 
computed by this relationship differ 
by about 2 per cent from those calcu- 
lated by Eqs. 48 and 49. Since experi- 
mental data are seldom accurate within 
2 per cent, perhaps it is best for the 
present to regard expressions of both 
forms as empirical relationships, either 
of which provides an approximation of 
satisfactory accuracy for practical pur- 
poses. 


Effect of Other Solutes 


One of the basic assumptions in con- 
sidering reaeration rates was that the 
tendency for gas molecules to dissolve 
is a function of their concentration in 
the gas phase, affected imperceptibly 
if at all, at ordinary pressures, by the 
presence in the gas phase of other com- 
ponents. Likewise, the tendency of 
the dissolved gas molecules to escape 
the liquid surface was assumed to be 
directly proportional to their concentra- 
tion in the liquid. By analogy, then, 
it might be expected that the presence 
of other dilute, inert solutes would have 
no effect upon the rate of escape. The 
solubility of the gas and the over-all 
rate of reaeration should then bear the 
same relationship to the partial pres- 
sure of the gas in question as if such 
solutes were absent. 

On the other hand, there are two 
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general types of solutes which might 
be expected to affect the behavior of 
such a system. One such type in- 
cludes those solutes which tend to con- 
centrate at the air-water interface. 
Such materials may alter the properties 
of the surface in such a way as to affect 
either or both the rate of solution and 
the rate of escape. Or they may, under 
some conditions, even occupy enough 
space at the surface to physically im- 
pede the transfer of gas molecules 
through it. 

A second class of solutes which can 
affect reaeration phenomena includes 
those which have a strong physical 
affinity for the solvent. In a polar 
solvent like water, this class includes 
all electrolytes. The dipolar molecules 
of water are attracted by the charge on 
a solute ion, and consequently tend to 
crowd in around it. If now an inert 
molecule, such as one of dissolved 
oxygen, is in the vicinity, it tends to be 
crowded away from the ion, not be- 
cause of any direct repelling force be- 
tween the ion and the oxygen molecule, 
but merely because the water molecules 
are attracted to the ion so much more 
strongly. The effect might be illus- 
trated by a simple analogy with the 
behavior of a block of wood in air and 
in water. Released in air, the wood 


falls downward under the force of 
gravity. Immersed in water and re- 
leased, the wood rises. Clearly the 


wood is not repelled by gravity in the 
latter case, but is forced upward be- 


cause the water is attracted more 
strongly. The effect of a solute ion 
upon the molecules of a dissolved, 


chemically inert gas probably is qualita- 
tively similar. 

The result of this effect is that when 
the water contains a dissolved electro- 
lyte, there are many minute areas in the 
solution where dissolved oxygen mole- 
cules may not go—or, more accurately, 
where they can enter only by an in- 
crease of their potential energy. In the 
water outside these areas, then, the dis- 
solved oxygen concentration is higher 
than its average concentration in the 
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whole system. Consequently its tend- 
ency to escape from the liquid surface 
is greater than would be predicted from 
the analytically determined concentra- 
tion. The solubility is, therefore, ap- 
parently decreased. 

The quantitative effect of salinity 
upon the solubility of oxygen has been 
mathematically formulated by Game- 
son and Robertson (5) as follows: 


C, = 14.161 — 0.3943 T — 0.007714 
T? — 0.0000646 T? — S(0.081 
0.00256 T — 0.0000374 . (67) 


where 7 represents the centigrade tem- 
perature and S the salinity in parts per 
thousand. 

Over the temperature range from 0° 
to 30° C, a simpler equation fits the ex- 
perimental data with almost the same 
precision : 


475 — 2.65 S 


C,= 335 me «+ hOB) 
Eq. 51 indicates that one part per 
thousand (1,000 p.p.m.) of salinity de- 
creases the solubility of oxygen at 20° C 
by about 0.05 p.p.m., or 0.57 per cent. 
The effect of dissolved solids upon 
reaeration phenomena is of particular 
interest in connection with the ques- 
tions of stream sanitation and sewage 
disposal, since it might be anticipated 
that any effect upon reaeration which 
results from the presence of domestic 
sewage is in large part due to the dis- 
solved solids present. Sewage normally 
contains both electrolytes and surfact- 
ants. The electrolyte concentration is 
low compared to that of sea water, 
usually between 100 and 500 p.p.m. 
From this it would be anticipated that 
the solubility of oxygen in sewage would 
differ from that of pure water by only 
a few hundredths of a part per million. 
The rate of solution, on the other hand, 
may be more greatly affected by the 
surface-active materials present. 

The literature directly demonstrating 
these effects is neither large nor par- 
ticularly satisfactory. A number of 
publications have dealt with reaeration 
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rates in activated sludge systems both 
with and without sewage present. 
However, such studies fail in several 
respects to shed much light on the 
effect of sewage pollution upon reaera- 
tion in streams. The most important 
objection to extrapolating these data to 
stream conditions is that the presence 
of the activated sludge, in relatively 
high concentrations, may produce ef- 
fects obscuring, or at least distorting, 
those due to the sewage itself. Sec- 
ondly, activated sludge systems usually 
employ violent agitation by paddles, 
brushes, or compressed air, so that both 
the turbulence and the effective surface 
to volume ratio are much higher than 
in most natural waterways. Although 
not so serious an objection as the previ- 
ous one, this fact also makes any at- 
tempt to deduce the effect of sewage 
on stream reaeration, from the data 
presented, largely speculative. Elimin- 
ating the activated sludge research, for 
the reasons cited, leaves very few ar- 
ticles which deal directly with the sub- 
ject at hand. 

Moore (15) determined the solubility 
of oxygen in domestic sewage. Dis- 
solved oxygen was determined after 
removal from the sample by evacuation, 
according to the method of Theriault 
and McNamee (24)(25) in order to 
avoid inaccuracies in the analyses due 
to interference by the sewage. He 
found that the solubility of atmospheric 
oxygen in sewage averaged 8.7 p.p.m. 
at 20° C. and a pressure of 29.92 in. Hg. 
This value is 98.5 per cent of the most 
recently reported value of C, for pure 
water, 8.84 p.p.m. (26). The differ- 
ence is slightly greater than can be 
accounted for by the electrolyte con- 
tent of sewage. Little significance can 
be attached to the difference between 
the anticipated and observed results, 
however, since the analytical method 
was subject to a probable error of about 
+2 per cent. Likewise, in the indi- 
vidual determinations, any variations 
of solubility due to differences among 
the sewage samples were probably over- 
shadowed by analytical errors. Moore 
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made no attempt to correlate his results 
with the sewage strength. 

Kehr (12), studying the effect of 
sewage upon reaeration rates, concluded 
that reaeration was markedly retarded 
even when sewage constituted only one 
or two per cent by volume of the total 
mixture. He also found that the effect 
of the sewage was greater at high rates 
of flow than at low rates. Depressions 
of the reaeration rate similar to those 
produced by sewage resulted from addi- 
tion of urine, activated sludge effluent, 
feces, dextrose-peptone broth, oils, soap, 
fatty acids, or diatomaceous earth to 
tap water. The studies were conducted 
with water flowing through channels at 
rates from 4 to 24 ft. per min. Kehr 
points out, however, that the turbulence 
associated with a particular rate of flow, 
and, therefore, the relationship between 
flow rate, pollution, and reaeration, was 
probably a unique property of the phys- 
ical apparatus used in his studies. The 
effect of pollution was found to vary 
with flow rate, and in a somewhat irreg- 
ular manner, so that extrapolation of 
his results to systems other than his own 
are likely to be subject to serious inac- 
curacies. 

A second basic difficulty in using 
Kehr’s data directly or calculating from 
it is that the degree of pollution in his 
work is expressed in terms of the volu- 
metric percentage of sewage present in 
the mixture. Since sewage varies 
widely in strength from place to place 
and even from time to time, an estimate 
of the actual pollutional concentration 
of a mixture containing a given percent- 
age of sewage becomes little better than 
speculation. 

There is also some question as to 
whether the potential errors due to bio- 
logical oxygen utilization during the 
experiments were completely eliminated 
in Kehr’s work. Also, the determina- 
tions of the dissolved oxygen content of 
his samples were performed by the 
Winkler method, which is known to be 
subject to systematic negative errors 
in the presence of sewage (15). 

Manganelli (14), in an investigation 
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of the effects of detergents on sewage 
collected 
regarding the 


treatment some 
effects of 
these compounds upon reaeration rates. 
He concluded, in general, that deter- 
gents depress the rate of solution of 
oxygen from air bubbles passed through 
the solution, that they increase the re- 


processes, 


information 


aeration rate in quiescent systems, and 
that they have little if any effect under 
conditions of stirring gently enough so 
that the surface remained unbroken. 
These results, it will be noted, are some- 
what at variance, qualitatively, with 
Kehr’s However, since the conditions 
in the two experiments were so differ- 
ent, a direct comparison of the results 
may not be justified. 

In a more recent publication, Game- 
son, Truesdale, and Varley (6) report 
that synthetic detergents depress the 
reaeration of water. Their 
results with sewage agree with Kehr’s. 
In their studies, however, there was no 
evidence of any attempt to 
biological activity. 


flowing 


control 


Summary 


It has been repeatedly demonstrated 
that the course of reaeration, whether 
through a quiescent surface, a turbulent 
surface, by bubbling, or by spraying, 
follows a course well described by a 
first-order rate equation. Such equa- 
tions have been written in various forms 
by various authors, some lumping all 
pertinent variables except undersatura- 
tion and time into the proportionality 
constant A, which then becomes specific 
for the conditions under which it is 
determined, while others have isolated 
some of the pertinent variables and 
included them separately in their equa- 
tions, so that the rate constants, once 
determined, have somewhat wider ap- 
aplication, 

One of the variables which exerts the 
greatest influence upon the value of the 
rate constant is the turbulence of the 
liquid. Only in the most recent dis- 
cussions of the subject has turbulence 
been expressed in a form suitable for 
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separate inclusion in the calculations. 
And even at present, separate and inde- 
pendent measurements which permit 
prediction of the effect of turbulence 
are impossible in many practical cases. 
Considerable work obviously remains 
to be done on the subject, but a promis- 
ing start has been made. 

Although some information is avail- 
able regarding the effects of certain ma- 
terials upon reaeration, the over-all 
effect of mixed pollution by domestic 
sewage is not considered to have been 
adequately studied nor sufficiently well 
determined. 
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APPENDIX—LIST OF SYMBOLS 


A = Area of gas-liquid interface; 
A, = Fraction of the total surface 
area having the age t; 

a = Proportionality constant re- 
lating partial pressure of the 
gas to the rate of solution; 

C = Concentration of dissolved 
gas; 

C, = Solubility of the gas in the 
liquid ; 

D = Diffusion constant of oxygen 
dissolved in water; 


dC : 

i Reaeration rate—the rate of 
; change of dissolved oxygen 
concentration with time; 

dC 

— = Concentration gradient ; 
dx 

ds 


= Linear rate of diffusion of a 
dt 
solute ; 


dU R ti 
a Reaeration rate | J; 
f = Adeney’s reaeration constant 
= K 
A’ 


H = Heat of activation; 

K = Proportionality constant re- 
lating the rate of escape of the 
gas to its concentration in the 
liquid, and the reaeration rate 
to the undersaturation ; 

= Phelps’ reaeration constant; 

= First-order reaeration con- 

stant in terms of common 
logarithms; 

L = Depth of liquid; 

Partial pressure of the gas; 

= Weight of gas transferred from 
gas to liquid phase ; 
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; ; dC t, = Average or effective time of 
k = Reaeration rate { see a)’ existence of a newly formed 
= Fraction of the total surface gas-liquid interface ; 
area replaced in unit time; (At) = Elapsed time interval ; 
Rescape = Rate at which gas passes out UV = Undersaturation, or satura- 
of the liquid; tion deficit = (C, — C); 
Reoiution = Rate of entry of gas into the ‘* Volume of liquid ; 
liquid ; x = Effective thickness of the 
ry = Reaeration rate when C = 0: hypothetical nonconvecting 
r,; = Reaeration rate when U’ = 1: liquid film ; 
dc’ uw = Temperature coefficient of 
r, = Equivalent to ht’ viscosity ; 
0 = Temperature coefficient of 
S = Salinity, in parts per thou- 


reaeration 


= Temperature coefficient of 
d <0 8, = Temperature coefficient of f; 
7’ = Absolute temperature ; and 
t = Time; 0,, = Temperature coefficient of ro. 


USPHS TRAINING COURSES 


The USPHS, Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio, has 
scheduled specialized training courses in radiological health, air pollution, and water 
pollution for January, February, and March, 1958. These training courses cover not 
only basic education in the environmental engineering field, but also advanced work in 
specialized subjects. The first quarter schedule is as follows: 


Jan. 13-24 Basic Radiological Health 

Jan. 13-24 Atmospheric Sample Analysis 

Jan. 27-31 Environmental Health Aspects of Nuclear Re- 
actor Operations 

Jan, 27-31 New Techniques in the Bacteriological Examina- 
tion of Water 

Feb. 17-21 Detection and Control of Radioactive Pollutants 
in Air 

Feb, 24-28 Detection and Control of Radioactive Pollutants 
in Water 

Mar. 34 Advanced Training for Sanitary Engineers in 
Water Supply and Water Pollution 

Mar. 10-12 Air Pollution Effeets on Vegetation 

Mar. 17-28 Sanitary Engineering Aspects of Nuclear Energy 


These courses are available to professional personnel interested in the particular 
programs for which courses are listed. There is no tuition fee. Further information 
may be obtained from the Robert A. Taft Sanitary Engineering Center, 4676 Columbia 
Parkway, Cincinnati 26, Ohio. 
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ConpucTep By Donatp P. ScHIEsswoHL 


SLUDGE DIGESTER CLEANING AT 
WASHINGTON, D. C.* 


By Hueu A. ScHreEIBER 


Superintendent, Sewage Treatment Plant, Washington, D. C. 


The Washington, D. C., sewage treat- 
ment plant was constructed during the 
years 1935 thru 1937, and placed in 
full-time operation in August, 1938. 
Subsequent to the initial construction, 
additional facilities have been added so 
that at the present time, it has a design 
capacity of 175 m.g.d., based on a pop- 
ulation of 975,000. 

The plant consists of a pumping sta- 
tion, grit chambers, grease separation 
tanks, 16 sedimentation tanks that pro- 
vide a 2-hr. detention period at the 
design flow, 12 fixed cover digestion 
tanks that provide approximately 134 
cu. ft. per capita, a gas storage system, 
sludge elutriation tanks, vacuum filters, 
sludge drying facilities, and chlori- 
nators. The power plant and electric 
generating facilities utilizing sludge 
gas, supply all the heating needs for 
the entire plant, and generate about 75 
per cent of the electrical energy re- 
quired for plant operation. The ad- 
ditional electrical energy required is 
purchased from the local utility. 

The chlorination facilities were added 
in 1954, and provide pre- and post- 
chlorination, utilizing the sedimenta- 
tion tanks as contact chambers for pre- 
chlorination. Chlorination is limited 
to the summer months and is effective 
in reducing the bacteria in the plant 
effiuent by more than 99 per cent. 


* Presented at the 1957 Annual Meeting, 
Maryland-Delaware Water and Sewage Assn.; 
Ocean City, Md.; May 22-24, 1957. 


The fixed cover digesters are of con- 
ventional design, where the cylinder is 
set on top of an inverted cone (Figure 
1). Each of the 12 digestion tanks 
has a capacity of approximately 1,000,- 
000 gal. The raw sludge is discharged 
to the digester at two points, midway 
between the center of the tank and the 
wall and at approximately mid-depth 
of the vertical side wall. 

Inadequate sereening and overload- 
ing of the grit chambers has resulted 
in a build-up of large quantities of 
sand and trash in the digesters. It was 
estimated that more than 1,000 tons 
of sand had accumulated during the 
operating years. It was also estimated, 
that this sand, mixed with trash and 
dense sludge, occupied approximately 
15 per cent of the total volume of the 
tanks. This gradual reduction in the 
effective volume of the tanks, together 
with inadequate digester heating, 
caused the operation of the digesters to 
become more critical over the years. 
This was particularly noticeable during 
the winter months, when it was not 
possible to maintain proper digestion 
temperatures. 


Initial Cleaning Attempt 


Prior to 1955, attempts to clean the 
digesters with existing facilities were 
unsuccessful. Because of the large ac- 
cumulation of trash and sand, the 600- 
g.p.m. dewatering pump in the digester 
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FIGURE 1.—Cross section of a typical digester showing arrangement for 
digester cleaning. 


gallery was ineffective when used to 
dewater a digester. Also, a recipro- 
eating pump could not maintain suffi- 
cient velocity to prevent the sand from 
out in the suction line and 
causing a stoppage. 

In December, 1955, another attempt 
For this 
cleaning operation, the procedure was 
as follows: 


settling 


was made to clean a digester. 


1. The addition of raw sludge to the 
tank was stopped, but the overflow 
equalizer line, connecting this tank 
with the other 11 tanks, was left open, 
so that any liquid removed from this 
tank would be replenished through the 
When this was 
inadequate to maintain the normal op- 
erating level in the digesters, additional 


make-up water was added. 
9) 


overflow equalizer line. 


Gas was recirculated continuously 
from the gas collection dome to a point 
approximately 12 ft. below the surface 
of the digester liquid. The agitation 
thus created dispersed some of the 
scum cap and allowed the denser ma- 
terial to settle to the bottom where it 
could be pumped. A gas pump having 


a capacity of 150 ¢.f.m. and a discharge 
pressure of 8.5 p.s.i. was used. 

3. Gas from a Hortonsphere, at 
about 25 p.s.i., was applied at, or near, 
the bottom of the digester, by three dif- 
ferent methods: 


A. Gas was applied alternately with 
water through the flushing noz- 
zles located circumferentially in 
the digester, at the base of the 
vertical cylinder. These nozzles 
point down the slope of the cone, 
toward the digested sludge with 
drawal sump. The jet action of 

nozzles was expected to 
drive the sand and trashy sludge 
deposit to the sump, where it 
could be picked up with the de- 
watering pump. 

B. Pipes were inserted through the 
five sampling wells and extended 
down to, or near, the bottom of 
the tank. High-pressure gas and 
water were applied through these 
pipes. The agitation created at 
these points would move the 
heavy material radially from the 
point of application, and it was 
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assumed that a portion of the ma- 
terial would be directed to the 
withdrawal sump. 

C. The high-pressure gas was also 
discharged at the bottom of the 
tank, through a pipe inserted 
through the relief covers. The re- 
lief covers were removed one at 
a time, and were replaced with a 
weighted cover, equipped with a 
sealed flexible joint through which 
the high-pressure gas pipe could 
be inserted. The flexible joint 
permitted discharging the high- 
pressure gas over a sizeable area 
of the tank bottom, thus disturb- 
ing the sand and trash deposits 
over a considerable area and 
churning them toward the with- 
drawal sump. 


4. The 600 g.p.m. dewatering pump 
was used to remove the material from 
the withdrawal sump. This material 
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was pumped to the elutriation tanks 
and the floating trash was removed by 
hand. The settleable material was 
pumped to the dewatering building and 
filtered. 


After having pumped about 1,000,- 
000 gal. from the digester, or a volume 
approximately equal to the volume of 
the digester, measurements of the bot- 
tom sludge levels showed the elevation 
essentially the same as it was in 
August, 1954. This would indicate 
that by displacing the tank contents 
one time, almost a 16-month accumula- 
tion of sludge had been removed. 

During this initial cleaning, the 
liquid level in the digester was main- 
tained at the normal operating eleva- 
tion through the addition of make-up 
water and by permitting the overflow 
from the other tanks to return to the 
tank being cleaned. This provided a 
positive pressure on the suction of the 


FIGURE 2.—Compartmented lagoon used in digester cleaning operations. 
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pump, as well as an ample supply of 
water for forming a slurry of the bot- 
tom deposits. Further agitation of 
the tank contents by the foregoing pro- 
eedure did not cause additional ma- 
terial to settle into the sump, and it was 
assumed that the major portion of the 
solids had been removed from the di- 
gester. This assumption 
found to be in error. 


was later 


Another Approach 


Following the limited success of the 
preceding method, an attempt was 
made to clean the digesters by the use 
of a centrifugal pump. A Wemco non- 
clog pump, having torque-flow char- 
acteristics and a capacity of 1,000 
g.p.m. at a 73-ft. discharge head was 
obtained. Other additions at this time, 
included a river water pump to provide 
adequate make-up water, and the con- 
struction of a lagoon to impound the 
digester solids when removed. The la- 
goon (Figure 2) was formed by placing 
a bulkhead along the river and exea- 
vating behind the bulkhead. It had a 
capacity of approximately 1,000,000 
gal., which was equivalent to the capac- 
ity of one digester. 

To handle the material pumped 
from the digester, the lagoon was di- 
vided into three sections. Near the 
influent end, a five-ton cargo net, hav- 
ing 21%%-in. openings, was stretched 
across the lagoon for the purpose of 
eatching the heavier trash, sticks, and 
rags. The center section of the lagoon 
was separated by a hand-raked, 14-in. 
bar screen. In the third section of the 
lagoon, a pontoon was constructed to 
provide a convenient platform for 
pumps with which to decant the liquid 
in the lagoon to the effluent of the 
elutriation tanks. Standard 600- and 
400-g.p.m.  gasoline-driven manhole 
pumps were used. To minimize pump 
stoppages, a 2-in. fish net was weighted 
and fastened around the periphery of 
the pontoon. 

The gas dome was removed to give 
better access to the digester. This 
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opening is 4 ft. in diameter and was to 
serve as the major access to the di- 
gester for the cleaning operation until 
the liquid level was lowered to the coni- 
eal section, at which time a portion 
of the cleaning operation would be 
transferred to the periphery of the 
tank. To provide maximum turbulence 
at the withdrawal sump, a 1-in. fire 
nozzle was attached to a rigid pipe and 
inserted through the gas dome opening 
and down to within a short distance of 
the sump. 

The remaining solids were removed 
from the digester by limiting the quan- 
tity of make-up water so the elevation 
of the liquid level in the digester was 
lowered continuously. The solids ma- 
terial was pumped to the lagoon by 
using approximately 2,000,000 gal. of 
water. After the water was decanted 
from the lagoon, there remained about 
500,000 gal. of sludge, seum, and trash. 
This was in addition to all the material 
removed previously. The solids con- 
tent was approximately 7 per cent. 

These solids were removed from the 
lagoon through the use of two mobile 
cranes, equipped with buckets. Tight 
body dump trucks were used to haul 
the material to the landfill area ad- 
jacent to the plant property. This 
method of disposal was used only for 
the material removed from the first 
digester. 

The solids pump demonstrated its 
ability to handle heavy concentrations 
of trashy solids. It did not stop up 
during the entire operation, although 
at times it was handling 15 per cent 
solids. By regulating the make-up and 
withdrawal rate, stoppages at the sump 
were minimized to some degree. Since 
the more trashy material was in the 
scum layer, sump stoppages were more 
frequent as the liquid level was low- 
ered. When backflushing did not clear 
the sump, it was necessary to probe 
into the sump with a 6-in. steel hook 
fastened to the end of a 114-in. alumi- 
num pipe. After hooking the trash, 


it was pulled to the surface and re- 
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FIGURE 3.—Operating platform for digester cleaning. Platform was supported by 8-in. 
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raw sludge lines. Note safety harness and rope on employee. 


moved through the gas dome opening. 
Only a few stoppages occurred until 
the liquid level of the tank was below 
the half-way point. This elevation co- 
incided with the location of the raw 
sludge line, which was used to support 
a platform (Figure 3) from which the 
sump could be cleared and fire nozzles 
could be used to break up the accumu- 
lation of trash and flush the solids to 
the sump. This platform served as a 
base of operation until the conical see- 
tion of the tank was reached. 


Refinements 


To get a better indication of the 
quantity of solids in the digesters and 
also to facilitate removing the trash 
from the sump when stoppages oc- 
eurred, a hydro-crane equipped with a 
114-cu. ft. orange-peel bucket was used. 
The lips and top of this bucket were 
built up and fitted so the bucket was 


practically watertight. In the closed 
position, the only opening was a hole 
approximately 3 in. in diameter at the 
top junction of the jaws. This bucket 
was also used to obtain solids samples 
from the digester by sampling through 
the four relief manholes. 

Samples were taken at 2-ft. inter- 
vals through each one of the four re- 
lief manholes. The samples were com- 
posited and analyzed. The minimum 
solids concentration was 12.4 per cent 
and the heaviest was 23 per cent solids. 
The lighter concentration was at the 
bottom of the tank and the heavier at 
the mid-position. Results of a solids 
analysis from a digester is shown in 
Table I. The matted condition of the 
trash and solids apparently was the 
reason this dense material could not 
be withdrawn from the sump by the 
normal operating procedure. 

The second digester was cleaned 
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TABLE I.—Digester Solids Survey with 
an Orange-Peel Bucket Sampler 


lotal 
I pH Soli is 
22 7.4 4,510 440 15.1 
+20 7.5 4,520 | 460 16.4 
+18 y 4,560 700 17.0 
+16 7.5 | 4,110 900 15,2 
14 4a 3,850 300 12.4 
+12 7.4 1,190 270 15.7 
+10 4,080 200 20.0 
+8 7.6 1,380 2900 23.0 
+6 1.0 4,870 360 15.1 
tt 7.5 3,900 440 17.7 
+2 7.5 | 3,840 190 14.9 

0 1.5 4.170 380 17.2 

2 7.4 3,800 440 13.8 


without going through the preliminary 
procedure of gas recirculating and the 
coneurrent withdrawal of solids. In 
this case, the digester was purged with 
river water to stop the digestion proc- 
ess. The overflow valve then was closed 
and the digester was filled with water 
up to the gas dome, preparatory to 
cutting off the dome with an acetylene 
torch. The hydro crane was moved 
into position so the orange-peel bucket 
could be used to clear stoppages in the 
sump. The remaining cleaning pro- 
cedure for this digester paralleled that 
used in cleaning the first digester, ex- 
cept that 
cargo net 


better use was made of the 
and 
moval of trash. 


for the re- 
This permitted pump- 
ing all the solids from the lagoon into 
the elutriation system and dewatering 
them in 


bar screen 


the same 
digested sludge. 


manner as normal 

In spite of the continued refinements 
to the cleaning operation, there were 
numerous interruptions such as stop- 
page at the digester sump which re- 
quired clearing by backflushing or the 
use of the hydro crane. Furthermore, 
pumping to the lagoon would get ahead 
of pumping from the lagoon, or the 
cargo net would require removal and 
cleaning at a time wh. the other steps 
in the operation were functioning satis- 
factorily. 
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Heating Problems 


Due to the inability to properly heat 
the digesters, the digestion process 
came to a virtual standstill on March 
8, 1956. This was due to a number of 
factors such as the removal of digesters 
from service, which increased the indi- 
vidual load on the remaining digesters ; 
colder raw sludge as a result of winter 
temperatures; higher solids concentra- 
tion in the digesters which prevented 
proper circulation of digester contents ; 
and the continual build-up of trash on 
the heating coils. 

Gas production decreased from an 
average of 700,000 cu. ft. per day to 
230,000 cu. ft. per day. The lesser 
quantity of gas was insufficient to op- 
erate the sludge gas engine; the main 
source of energy for supplying heat 
to the digesters. Consequently, it be- 
came a vicious cycle, and the few re- 
maining digesters that were producing 
a limited quantity of gas cooled off even 
still more, so that the normal digestion, 
elutriation, and dewatering operation 
had to be suspended. 


Accelerated Program 


These conditions called for a more 
accelerated program of digester clean- 
ing. Except for a skeleton crew to 
carry on the necessary functions of 
digester operation, all personnel from 
sludge digestion, elutriation, dewater- 
ing, and drying operations were organ- 
ized on a three-shift schedule to clean 
the remaining digesters. The large 
quantities of river water required for 
make-up were obtained by tapping the 
discharge line of the river water pumps 
furnishing dilution water for chlorina- 
tion. From this tap, an additional 
header was installed across the top of 
the digestion tanks so that make-up 
water could be added through the relief 
manholes. This procedure made it pos- 
sible to clean one digester per week. 

To provide the necessary sludge heat- 
ing for the digesters returned to serv- 
ice, gas was purchased from the local 
utility. This required putting in a 4- 
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in. high pressure line and meters. The 
only use made of the gas was for the 
1,200-h.p. engine, as both of the aux- 
iliary boilers are dual fuel, and during 
this period they were oil-fired. 


Replacement of Piping 

Shortly after the digester cleaning 
operation started, it was evident that 
the digesters required more attention 
than cleaning. The heavy concentra- 
tion of solids (Figure 4) exerted suf- 
ficient force on the digester piping to 
the anchors from the roof in- 
serts or snap the anchors off at the 
roof. Sections of the raw sludge lines, 


loosen 


the overflow lines, and the sludge eir- 
culating lines had broken and fallen 
to the bottom of the digesters. In only 
one digester out of the twelve was all 
of the piping intact. In one digester 
all of the piping was at the bottom of 
the digester. In this latter digester it 
Was necessary to suspend the working 
platform for cleaning the digester from 
a sample line and the gas dome. 

After a digester was cleaned a pon- 
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toon of planks and oil drums was ¢on- 
structed in the digester and the tank 
was filled with river water up to a 
point where the roof inserts were ac- 
cessible from the pontoon. After the 
inserts were cleaned and painted and 
the pipe anchor bolts installed, water 
was withdrawn from the digester until 
the elevation of the water surface was 
below the elevation of the pipe to be 
installed. At this point, the pipe was 
lowered through the gas dome, floated 
into place, and anchored. This work 
proceeded concurrently with the clean- 
ing of another digester. 

After the first digester was returned 
to service, it was not necessary to re- 
pair the digester piping at as rapid a 
The con- 
trolling factor in putting a digester in 
service was the development of suffi- 
cient seed sludge. Consequently, the 
major emphasis was placed on cleaning 
all of the warm 
weather. At one stage of the over-all 
operation there were three clean di- 
gesters in‘ rvice, a fourth was await- 


pace as digester cleaning. 


digesters before 
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FIGURE 4.—Broken 14-in. digester overflow line with typical collection of trash. . 
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ing the development of seed sludge, and 
three others were cleaned and in vari- 
ous stages of being refurbished. 

In order to expedite putting some 
of the digesters back into service, the 
raw sludge piping was modified to suit 
the remaining useable anchors. This 
resulted in replacing most sludge lines 
in their entirety, while in two di- 
gesters, the raw sludge lines were cut 
short of the mid-position of the di- 
gester. In all cases, however, a_ tee 
and a length of pipe were placed on the 
discharge end of the line in order to 
simulate the original installation. As 
fast as the piping could be replaced, the 
digesters were filled with river water 
and the heat turned on. To reduce the 
time required to heat the digesters, 
steam from the plant heating system 
was admitted directly into the digester 
water. 

Before a digester was put into op- 
eration, the temperature was raised to 
90° or 100° F., then a minimum of 
120,000 gal. of digested and partially 
digested sludge was pumped in two 
days in succession. This was followed 
with periodic feedings of additional 
seed sludge. After the digester started 
to produce gas and the volatile acids 
were less than 1,000 p.p.m., raw pri- 
mary sludge was added. The quantity 
of raw sludge was increased up to 
60,000 gal. on alternate days in each 
digester returned to service. 


Problems 


A report of this type would be in- 
complete, unless a few of the more sali- 
ent problems encountered were at least 
mentioned along with any improve- 
ments that might be incorporated in 
future operations. 

The non-clog, torque-flow pump was 
connected to one end of the digested 
sludge headers. Each header is about 
350 ft. long, and connects to four di- 
gesters. This means that, depending 
on the digester being cleaned, the sue- 
tion line varied from 50 ft. to 350 ft. 
In addition to the variations due to 
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piping losses, the pump suction varied 
from a positive head of 20 ft. to a suc- 
tion lift of 15 ft. This wide variation 
in head required throttling the dis- 
charge valve in order to maintain a 
reasonable load on the pump motor. 
Accordingly, there were additional 
stoppages. For more efficient and de- 
pendable operation through this wide 
range of head, a variable or adjustable 
drive possibly could be justified. 

To facilitate future cleaning of the 
digesters, the gas domes were put on 
with 48-in. Dresser couplings. Some of 
the Dresser bolts were replaced with 
long bolts that passed through lugs 
welded to the upper section of the 
dome. These long bolts took the verti- 
cal thrust of the gas pressure in the 


digester. 


Progress and Planning 

All the principal sewage lift stations 
for the District of Columbia are 
equipped with bar screens and handle 
about 98 per cent of all the sewage. 
Prior to cleaning the digesters, the 
screenings removed at these stations 
were ground up and returned to the 
sewage flow. As a result of the large 
quantity of trash that interfered with 
digester operation, the screenings are 
now removed from the sewage and in- 
cinerated. The quantity thus removed 
averages between 3 and 4 cu. yd. per 
day. This has resulted in a reduction 
in stoppages of the raw sludge pumps. 

Consideration should be given, in 
the extension of existing plant facilities 
or the design of new plants, to features 
that may improve plant operation and 
permit more efficient use of the sew- 
age treatment processes. Some of these 
features that the operator and those 
charged with the responsibility of op- 
erating treatment plants should give 
particular attention to are: 


1. Screenings removed from the raw 
sewage should be disposed of by in- 
cineration or some other means other 
than returning them to the sewage flow 
to cause further trouble. 
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2. With the advent of high-rate di- 


gestion, recirculation, and external 
heaters, greater emphasis should be di- 
rected to more effective screening. 

3. Digester volume should be within 
practical limits for maintaining effee- 
tive control of the contents. A_ re- 
evaluation of the type and location of 
piping for charging, withdrawing, and 
recirculating sludge may be warranted. 

4. The effective volume of digesters 
could be increased by changing the 
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slope of digester bottoms to avoid a 
build-up of heavy bottom deposits. 

5. Sampling tubes and piping shouk 
be sized and located to permit the ob- 
taining of a more truly representative 
sample of the digester contents. 

6. Adequate facilities for cleaning 
digesters should be incorporated in di- 
gester design. This should include a 
method to any digester for 
cleaning without interfering with the 
normal operation of other digesters. 


isolate 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘*“The man who is never very strong against any 


thing is never very strong for anything. 


Attention operators! 


Anon. 


It will be appreciated if copies of the annual reports of both large 


and small sewage and industrial waste treatment plants are sent to the Federation office 


for abstracting in this section of the Journal. 


Please direct annual reports to: The 


Operator’s Corner, SEWAGE AND INDUSTRIAL WASTES, 4435 Wisconsin Ave., N.W., Wash- 


ington 16, D. C. 


Report on Operation of the Santa Rosa, Calif., Sewage Treatment Plant for 
the Initial Four-Year Period, July, 1952—June, 1956 


Murray B. McKINNIE,* Superintendent 


The Santa Rosa, Calif., sewage treat- 
ment plant was placed in operation on 
July 2, 1952 as replacement for over- 
loaded septic tanks and sewage stabi- 
These early ponds were 
among the first in California, having 
been in use since 1924, and were pre- 
ceded only by those in Sonoma, Calif., 
in 1911. The new 5-m.g.d. treatment 
plant provides preaeration, primary 
clarification, high-rate filtration, 
ondary clarification, and 14 days of 
detention in two stabilization ponds 
normally operated in series. The 
sludge is digested in heated, covered di- 
vesters and dried on sand beds. The 
flow must be pumped to the filters; 
however, in case of power failure the 


lization ponds. 


Sec- 


* The 1957 recipient of the California Sew- 
age and Industrial Wastes Assn. William D. 
Hatfield Award. 


primary clarifier effluent can be dis- 
charged by gravity to the stabilization 
ponds. Although the plant units can 
be by-passed, raw sewage cannot be dis- 
charged to Santa Rosa Creek but must 
flow through the ponds before dis- 
charge. 

The pond effluent is used for irriga- 
tion by farmers cultivating fields ad- 
jacent to the sewage treatment plant. 
The irrigation season is usually from 
early June until late September. Dur- 
ing irrigation there may be no overflow 
from the ponds to the creek. 


Operation 


The plant is under supervised opera- 
tion 24 hr. per day. 

During the months of heavy rainfall 
the flow increases markedly. When the 
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hydraulic capacity of the plant (18 
m.g.d.) is exceeded, part of the flow is 
by-passed to the first stabilization pond. 
By-passing was resorted to in 1952 and 
again in 1955-56. 

During December, 1955, and Janu- 
ary, 1956, rainfall totaled 29.7 in. It 
was necessary to by-pass part of the 
flow to stop the flooding of the plant 
and to relieve the 36-in. outfall sewer. 
There was a period of 15 days when 
all tanks were flooded and sludge could 
not be pumped. 
during the 
summer months and units are operated 
at normal intervals. The high flows of 
the early winter rains require continu- 
ous operation of the bar screen and 
grit 


Flow is at a minimum 


sand is 
brought down with these high flows. 
The two high-rate filters were shut 
down only long enough to clean the 
orifices and service the turntables. The 
suspended solids content of the filter 
effluent is high (3,000 to 4,000 p.p.m. 
as a result of returning the secondary 
sludge, as well as the digester 
natant, to the filter. The secondary 
clarifiers are operated at a high hy- 
draulic loading: 
in recirculation rate or the re- 


ejectors. Considerable 


super- 


consequently any 
chang 
moval of a secondary clarifier from 
service results in an overflow of sus- 
pended matter to the ponds 

The ponds remove approximately 78 
per cent of the applied B.O.D. load at 
The M.P.N. 
of the pond discharge, during the bath- 
ing season in the Russian River 
which Santa Rosa Creek 
was 6.2 in 1954-55 and 1.9 in 1955-56. 

The operated 
normally during this four-year period. 
There was no initial digester start-up 
problem. 


45 per cent of design load. 


into 
discharges, 


digester system has 


Gas production varied from 
a maximum of 78,000 eu. ft. 
1,000 cu. ft., or less. Low gas produe- 
tion oceurred in July, 1955, when there 
was a septic condition in the primary 
clarifiers caused by the 


to a low of 


discharge of 
supernatant to the raw sewage when 
the flow to the plant was at its lowest. 
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The other period of low gas production 
was when the plant was flooded in the 
Winter of 1955-56. 


Pretreatment 


The mechanically cleaned bar screen 
has been a continuous source of trouble. 
Initially there were shear pin break- 
ages due to loosening of the bearing on 


the lower shaft. A lock nut stopped 


this. The bar screen control failed to 
operate properly during most of the 
first two years. The control is air- 


operated and fluctuations in the plant 
air supply may account for the trouble. 
In 1955-56 a time clock was installed to 
replace the control. The cycle must be 
varied during a 24-hr. period ; however, 
screen operation is smoother. 

Because of long operating periods, 
there were several failures of the scrap- 
ping mechanism, necessitating reinfore- 
ing certain The much-re- 
paired bar screen rake was replaced in 
1954-55, as was the drop plate which 
had split. The interior of the unit was 
and painted. The rake 
broke again in 1955-56, at which time 
it was welded, and repair by reinforeing 
A new method of ab- 
sorbing the shock of the rake arm when 
The reinforcing 
and shock absorbing apparently have 


portions. 


sandblasted 


was attempted. 
it drops was tried. 


helped in that there has been no need 
for repairs since this work was done. 

The hammer shafts on the shredder 
were replaced four times during the 
first two years. The wear was on one 
apparently due to improper feed- 
ing. The hammer shafts are now 
shifted regularly so that only an an- 
New 
hammers were installed in 1954-55 and 
the old hammers were hard-faced. 

The float flow 
meter was prone to fraying and streteh- 


Ing. 


side, 


nual replacement is necessary. 


cable on the sewage 
It must be replaced each year. 
The grit ejectors in the preaeration 
tanks frequently plug during rainy 
weather. Fortunately, they are readily 
cleaned by back flushing. Large quan- 
tities of grit are carried into the pre- 
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aeration tank beyond the reach of the 
grit removal equipment; in 1955-56 
these tanks were dewatered and 64 cu. 
yd. of grit were removed. Four of the 
porous tubes were removed near the 
outlet end of each tank to stop the 
turbulence at the skimmers. Results 
have been good. 


Primary Clarifiers 


Initially the west sludge collector 
came off the sprockets and broke 14 
flights. Guides were installed on all 
the flights and appeared to correct the 
difficulty. 

The sludge pump controls failed to 
shut off the pumps several times during 
the first year and air was pumped to 
the digester in sufficient quantity to 
The 
controls were not as specified and the 
contractor replaced them. The 
trols are air activated and fluctuations 
in the plant air supply reduce their ae- 
curacy. Bottled air was used to test 
the controls and pinpointed the diffi- 
culty as air pressure. A small com- 
pressor system will be installed to sup- 
ply a constant pressure. 

The drive chains were replaced and 
all metal was cleaned and _ painted. 
Both collector motors were burnt out 
due to single phasing of the power sup- 
ply to the plant. The motors were re- 
paired and single-phase protection in- 
stalled. The solenoids for the sludge 
air lifts failed during the flooding of 
the plant in 1955-56. The units were 
raised to a higher elevation. 


cause the gas engines to stop. 


con- 


Filters and Secondary Clarifiers 


The butterfly valve controlling filter 
recirculation became very sluggish as 
a result of growths in the water sup- 
plied to the valve operator. A change 
was made to air operation. 

The west sludge collector of the see- 
ondary clarifiers broke down three 
times in two years. Even with the in- 


stallation of guides the chains contin- 
ued to come off the sprockets. 
broken, 


Sprock- 


ets were as were numerous 
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flights (38 during the first two years). 
After a lengthy investigation the 
trouble was discovered to be the mis- 
alignment of one sprocket and the re- 
sultant binding of the flights. Replace- 
ment of two sprockets with a smaller 
size corrected the trouble. 


Stabilization Ponds 


The stabilization ponds have fune- 
tioned satisfactorily. Initial frothing 
problems at the effluent overflow were 
corrected by constructing a small dam 
across the drainage ditch receiving the 
effluent, thereby submerging the outlet 
and reducing the froth. Froth does 
continue to occur without apparent rea- 
son. 

By 1954-55 the growth of water hya- 
cinth became a problem. Hand re- 
moval of the hyacinth was costly and 
aerial spraying with 2-4-D was unsuc- 
cessful. Removal by drag line was 
finally used and proved to be quicker, 
cheaper, and more effective. Weeds on 
the levee are controlled on an annual 
basis. 

A study of the pond algae was con- 
ducted by the University of California 
in 1954-55. The algae started to dis- 
appear in the spring of 1955 and the 
crustacea, Daphnia, predominated. By 
June there were no algae in the ponds. 
This same cycle occurred in the spring 
of 1956. There was a definite decrease 
in the B.O.D. efficiency of the pond and 
in the D.O. content of the pond efflu- 
ent when the algae disappeared. 


Digesters and Gas Engines 


The only difficulty with digester op- 
eration has been the clogging of the 
sludge circulation pumps with hair. A 
new 4-in. sludge circulation pump was 
installed in 1955-56, together with a 
water purge system at the stuffing box. 
There has been no further trouble with 
plugging. 

A permanent supernatant return was 
installed to the main sump with a con- 
nection to the sludge drying beds. The 
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pressure relief valve diaphragms split 
five 1952-54. Replacements 
were made with neoprene, which held 
up well. rupture occurred in 
1954-55 for no apparent reason. 


times in 


One 


AND INDUSTRIAL 


WASTES 


October, 1957 

A primary and a secondary digester 
are used, with the gas stored under the 
floating cover of the secondary. Gas 
production varied, as already reported 


and discussed. 


Operating Data of the Santa Rosa, Calif., Sewage Treatment Plant 


for the Four-Year Period, July 1, 1952 to June 30, 1956 


TABLE I. 
Item 
Flow m.g.d. 
Precipitation (in. 
Grit (cu. ft. 
Total 


Per m. g. 
Suspended solids (p.p.m.)*: 
Influent 
Primary effluent 
Filter effluent 
Secondary effluent 
Plant removal 
B.O.D. (p.p.m. 
Influent 
Primary effluent 
Filter effluent 
Secondary effluent 
Oxidation pond effluent 
Plant removal (% 
pH: 
Influent 
Effluent 
Oxidation pond effluent 
D.O. (p.p.m.): 
Filter effluent 
Secondary effluent 
Oxidation ponds: 
No. 1 
No. 2 
Raw sludge: 
Solids 
Volatile (% 
Digested sludge: 
Solids 
Volatile 
Withdrawn, total 
Dried (cu. yd. 
Gas production: 
Total (1,000 cu. ft 
Daily average (cu. ft. 
CO. content 
Cas utilization, total (1,000 cu. ft 
Coliform (M.P.N./ml.)t 


Costs: 


1,009 gal 


Labor and supervision 
Supplies 
Total 

Per mil. gal. 

Per day 


Average 
1952-53 1953-54 1954-55 1955-56 
3.7 3.4 3.06 1.69 
33.06 27.67 21.46 $3.62 
347 195 355 620.4 
0.3 0.3 0.3 0.4 
164 99 195 208 
54 107 100 92 
797 847 2,458 
34 22 15 50 
81 77 77 74 
196 216 248 207 
119 212 179 136 
340 283 124 
17 71 70 37 
7 8 12 10.2 
95 95 94 
7.5 7.4 7.4 7.6 
7.6 7.6 7.7 7.9 
8.9 9.1 8.8 $.2 
22 3. 3.3 
1.3 2.3 2.2 1.8 
13.6 12.4 
15.8 15.2 7.9 
6.4 5.8 6 
aa 76 74 
8.2 5.6 6.8 6.2 
50 52 52 54 
118 232 857 1,139 
165 365 100 
12,870 6,619 14,955 15,277 
35,000 18,000 41,000 43,000 
33 33 33 35 
10,831 12,690 
106 87 52 5.2 


$19,878.43 
12,609.64 


$24,142.44 
11,655.99 


$32,058.93 
12,010.77 


$32,953.94 
12,647.24 


32,488.07 35,798.43 44,069.70 45,601.18 
24.06 28.75 39.09 26.70 
88.97 98.07 120.74 124.93 


* Filter paper method used 1952-53 and 1953-54; Gooch crucible thereafter. 


+ Median, pond No. 2. 
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BEARING 


Some maintenance has been required 
on the gas engines. These units op- 
erate on digester gas when the supply 
is sufficient. During the first year of 
operation the valves needed grinding. 
Valve sight oil gauges, and 
better-type spark plugs have definitely 
improved operation. Engine No. 1 was 
completely overhauled after 14,176 hr. 

Except for the test when the plant 
was first placed in operation, the heat 
exchanger has never been fired up. 
There is sufficient heat available from 
the heat exchanger mufflers to maintain 
satisfactory digester temperatures. 


oilers, 


Miscellaneous 


The float control system for the re- 
circulation pumps was replaced with 
control. Previously the 
three-piece float rod kept failing at the 
joints. 

In 1954-55 grease caused plugging 


an electrode 
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of the sludge line from the sludge 
pumps to the primary digester. 
The sewage in the plant is sampled 


three times per week. Composite 
sludge samples are analyzed and 
M.P.N. determinations made twice 
weekly. 


Operating costs have remained rea- 
sonably low considering the economic 
conditions. The largest increase was 
noted in labor costs. The value of the 
digester gas used by the gas engines 
was placed at $3,215.00 in 1954-55 and 
$3,742.60 in 1955-56. During the 
fourth year of operation major repairs 
increased, as would be expected. The 
control for maintenance have 
proven valuable and it has not been 
difficult to pin point maintenance prob- 
lems. 

Operating data for the four year pe- 
riod, July 1, 1952 to June 30, 1956, are 
given in Table I. 


cards 


PUMP BEARING MAINTENANCE 


By Leo Krapp 


Superintendent of Maintenance, Sewage 


Disposal Section, Department of Public Works, 


Cincinnati, Ohio 


There many reference or text 
books containing much information on 
pump bearings and packing mainte- 
nance. This paper covers briefly the 
preventive maintenance program in op- 
eration at the Cincinnati, Ohio, sewage 
disposal plants, and in particular the 


are 


removal and replacement of pump 
bearings. 

The author has always been inter- 
ested in the actions of the various 


tradesmen, when a bearing is running 
hot on a piece of equipment. Some will 
feel the housing and shake their heads. 
Another will take a steel screw driver 
and listen to the bearing vibrations and 


shake his head. And then some will 


* Presented at the 
Ohio and Industrial Wastes 


1957 Annual Meeting, 


Sewage Treat- 


ment Conf.; Dayton, Ohio; June 19-21, 1957. 


say this is wrong, or that is wrong, or 
a number of other things are wrong 
and what should be done. 

The problem confronted is; 
should supervisors set policy 
taining pump bearings? 

Antifriction bearings now are used 
universally on every type of plant 
equipment. It is important, therefore, 


how 
on main- 


that those responsible for the operation 
of the equipment be reasonably well ac- 


quainted with the various types of 
bearings and their functional char- 
acteristics. Where guidance is_ re- 


quired for the initial selection of bear- 
ings for an original application, it may 
from 
turers’ catalogues or by consultation 


be obtained bearing manufac- 


with bearing engineers. 
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Background 


Some mention should be made of the 
Antifrie- 
tion bearings are either of the ball or 
roller type. Functionally they are de- 
signed to carry either radial or thrust 
of both. The 
type and size of bearing chosen for a 
specific job depends on the magnitude 
of the load. 
determine the recommended loads and 


types and sizes of bearings. 


loads or a combination 


Catalogs can be used to 


the leneth of time a certain bearing can 


earry a load at a given speed. <A 
unique feature of antifricton bearings 
is that their useful life is not deter- 
mined by wear but by fatigue of the 
operating surfaces under the stresses 
due to 


fatigue occurs as a progressive flaking 


of normal operation. Failure 
or pitting of the moving surfaces and 
is accepted as the reason for the termi 
nation of the useful life. 
all other 
ventable. 


Failures by 
means are regarded as pre 

Only 100 years ago the ‘‘ Engineer’s 
and Mechanic’s Pocket Book’’ (1) re- 
ported, under the section on friction, 
18 observations made from experiments 
and investigations. Among these were 
the following two: 


“4_Similar substances excite a greater 
of frietion than dissimilar. If the 
pressures are light, the hardest bodies ex 
cite the least friction. 


5—Friction is 


deg ree 


diminished by unguents. 
Unguents in this case refer to lubricants.) 
In the choice of unguents those of a viscous 
nature are best 


adapted for rough or 


porous surfaces, as tar and tallow are suit- 
able for the surfaces of woods, and oils 
best adapted for the surfaces of metals.” 


Also recommended in that day for anti- 
friction grease was ‘*100 Ibs. of Tallow, 
70 Ibs. of Palm Oil. Boiled 
and then cooled to 80°, strain through 
mix with 28 lbs. 
and 114 gallons of water.’’ 

Many developments in 
have been made since those early days 
of industrialization. 


together 


a sieve and of soda 


lubricants 


Today, there may 
be 15 or 20 different lubrication sales- 
men trying to tell the superintendent 
that they have the only good grease 
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for the application in which a bearing 
Actually the testing of 
various products would be endlessly ; 
however, an operator or superintendent 
finally gets a product that from experi- 
ence gives best results. 


is being used, 


Then let some- 
one try to have him change! 


Bearing Characteristics 


bearing de- 
termines the severity of the stress on 
the bearing parts, it follows that if the 
load is increased, the life of the bear- 
ing will Conversely, if 
the load the life of the 
bearing will be increased. Bearing life 
varies as 1] Double the load 
on a bearing and its life expectancy is 
reduced to one-eighth of its 
value. 


Because the load on a 


be decreased. 


is decreased, 
( Load 
former 


Likewise, the life of a bearing under 
a given load will be rated at a certain 
number of Bearing life 
Doub- 
ling the speed of the bearing reduces 
the life 50 per cent. 


revolutions. 
is also proportional to 1 Speed. 


Bearing rating tables are actually 
based on Identical 
bearings are run under the same load 
until failure, the life of the bearing is 
then given as that point where 60 per 
cent of the fail. This per- 
centage will vary according to the man- 


laboratory tests. 


bearings 


ufacturer’s choice. 

Bearing life also depends on the in- 
ternal and external forces placed on 
the bearing. <A exerted on 
the bearing if the fit on the shaft is too 
tight or if there is to tight a fit between 
the bearing and the housing. 
ment 


force is 


Measure- 
of the clearance is a matter of 
inspection and experience. 

Three factors in bearing design are 
considered before specifying the bear- 
ing to be used. 
and fit. 


They are load, speed, 
Removal and Replacement 
Locating the Trouble 


is encountered 
The inboard 
The heat is so 


trouble 
pump. 


Assume that 


with a certain 


bearing is running hot. 
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excessive that a check must be made 
immediately. It is known that the 
normal cause of failure of a bearing 
can be attributed to one of the follow- 


ing’: 


1. Dirt or foreign matter in the bear- 
ing. 

2. Improper lubrication. 

Damage to bearing during assem- 

bly. 

. Improper reassembly after repair. 

5. Improper handling of bearings 
prior to assembly. 

6. Improper use of bearing. 


wt 


Immediately the operator is on the 
search for any of these causes. The 
first thing checked is to see if there is 
enough lubricant and also that there is 
not too much. This pump has a pres- 
sure relief so that it is not possible to 
get too much lubricant into the bearing. 
If the condition of the lubricant is 
satisfactory, there must be some other 
trouble and the pump should be re- 
moved to the shop for further checking. 


Cleanliness 


It is essential to make every effort 
possible to keep bearings, tools, parts, 
and hands clean while taking the pump 


apart. Dirt is actually Bearing Enemy 
No. 1. At Cincinnati, all new bearings 


must be delivered in waxed paper and 
the covered boxes remain sealed in the 
The boxes are 
issued to the maintenance men in the 
sealed condition. Only when the bear- 
ing is ready to be installed is the box 
and wax paper opened. 


stock room until used. 


Pump Disassembly 


After the pump is moved to the shop, 
the pump housing is removed and an 
inspection made of the impeller. At 
this time, a check is made for nicks, 
cracks, or wear spots on the impeller. 
The impeller is then removed from the 
shaft. This necessitates removing the 
lock pin and driving off the impeller. 

The housing cover is now taken off 
the rear of the pump. The rear bear- 
ing is found to be in good shape. It is 
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clean, well lubricated and there is no 
foreign matter present. The bearing 
looks good by inspection from the side 
that is visible. 

The next step is to drive the shaft 
into the support housing, thus enabling 
inspection of the inboard bearing. 
This is the bearing which caused the 
heating. On inspection the bearing ap- 
pears to be well lubricated; however, 
instead of a clear appearance the lubri- 
cant is a dirty grey. At this point the 
bearing can not be rotated by hand. 

Bearing pullers are used to remove 
the bearing from the shaft. The pull 
or pressure should be exerted only on 
the tight member and applied so that 
it comes off straight and square, thus 
possible damage to both the 
bearing and the shaft or housing. It 
is important also that the force be ap- 
plied only to the rings so that bearing 
seals or shields and separators or cages 
will not be damaged in the process. 

In this case it is possible to use an 
arbor press on one bearing only. After 
the bearing is removed with the bearing 
puller, the shaft and remaining bearing 
are put on an arbor press for removal 
of the remaining bearing. 

Driving bearings off with a hammer 
is the desirable method of  re- 
moval, although the one most commonly 
used, It is extremely hazardous, but 
where there is no alternative, the fol- 
lowing should be observed : 

1. Mount the shaft or housing in a 
whenever possible. Use wood 
blocks, leather, or metal guards to pro- 
tect the parts from injury by the vise 
jaws. 

2. Avoid using wood or soft metals 
for driving because splinters or chips 
may enter the bearing. 

3. Do not hammer directly on the 
rings, shields or seals, separators, or on 
the rolling element itself. 

4. In driving, use sharp quick taps 
rather than heavy blows. This will 
prevent cocking. 

5. Tap alternately on opposite sides 
to make sure the bearing or ring will 
move uniformly off its seat. 


avoiding 


least 


vise 
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Cleaning and Inspection 


removed it 
cleaned and _ in- 
whether it is in 
re-use. In the 
ease discussed here, the bearing again 


After the 
should be thoroughly 


bearing is 


spected to determine 
proper condition for 
operated satisfactorily after cleaning. 
However, the outer ring was scorched 
and discolored by the hot bearing balls. 
Replacement was made with a new 
bearing. 

To clean used bearings it is possible 


filled 


with light oil for a thorough soaking. 


to suspend them in a container 


To hasten the process of cleaning, this 
bearing was soaked in carbon tetrachlo- 
ride and hood to 
100° F. Precautions should be taken 
when using carbon tetrachloride to in- 
Rotating the 
bearing in the completely 
cleaned all dirt and lubricant from the 


heated in a fume 


sure ample ventilation. 
beaker 
races. This also could have been done 
by soaking in light oil and then heating 
to 180° to 200° F. The bearing could 
have been soaked in a mixture of al- 
cohol and kerosene, or safety naptha 
Only clean rags should be 
wiping and handling. 
should 


used for 
Cotton wastes 


never be used as the short 
threads may get into the bearing. A 
short clean bristle brush is helpful in 
dislodging dirt or seale from the bear- 
ing parts 

Compressed air, free from condensed 
moisture and dirt, may also be used to 
blow out the bearing, but the air should 
never be permitted to spin the bearings 
as the dirt and chips present may dam- 
age the operating surfaces. 

After 
they should be covered with rust pre- 
light oil or hand 
wrapped in 


bearings have been cleaned. 
ventive compound or 


packed with grease and 


clean oilproof paper. 
Reassembly 

Finally the reassembly job is started. 
Before remounting the bearing in its 
position, the bearing seal 
should be thoroughly cleaned in order 


original 


to avoid scoring of the bearing rings 
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and improper seating against shoulders, 
boxes, 

free of 
metal chips. 
bearing 


counter ete. Housings should 
dust, rust, dirt, and 
The bearing seal and the 
should be coated with 
lubricant to aid assembly and prevent 
formation of rust at the press fit. Any 
type of oil or erease is helpful, but 
best results can be obtained with lubri- 


also be 


bore 


eants containing graphite, zine, or lead. 

Bearings may be assembled by using 
certain types of push-pullers, or arbor 
presses, or manually by the use of ham- 
mers and mallets in conjunction with 
tubes and driving blocks. 

Large inner rings are usually heated 
in hot oil or in an electric oven to ex- 
pand the bore sufficient'y so that they 
may be shrunk in place on the shaft. 
Temperatures exceeding 250° F. should 
not be used because the temper of the 
races may be drawn out and soft spots 
created. In case the ring does not ex- 
pand sufficiently to slide over the bear- 
ing seat, the shaft may be shrunk some 
by packing in dry ice. 

Operators are fortunate when their 
treatment that 
equipment can be handled conveni- 
ently. An aluminum ‘‘A”’ 
convenient for use in 
pump. Setting the 
foundation 
Once the 
the task of setting and making align- 


plant is designed so 


frame is 
handling the 
pump on_ its 
carefully. 
position, 


must be done 


pump is down in 
ment with the drive motor is started. 


Break-in Period 


With the pump aligned 
everything should be ready to break 
in the Bearings and 
lubrication must be checked. 
They should be full of oil normally 
specified for the equipment, and all oil 
lines should be clear. The pump is op- 
erated first by turning the motor shaft 
by hand to see that everything is clear 
and ready to operate. 

Now the motor can be started and 
the pump operated for about 1 min. 
load. Bearings should be felt 


properly 


new bearing. 


systems 


at no 


to see if there is any indication of heat- 


3 
3 
fa 
— 
‘ 
& 
3 
wee ; Z 
2 


Vol, 29, No. 11 


ing. It is recommended that the pump 
be run for 5 min. at a reduced load if 
possible. Again the bearings should be 
checked for heat. 

The pump may now be put on the 
line and run at full load. Checks 
should be made every hour to observe 
the response of the bearings to oper- 
ating conditions. The pump should be 
checked daily after the initial oper- 
ating period. 


Preventive Maintenance Program 


fortunate to move 
into a new plant and be able to at least 
start off on the right foot. At the 
Cincinnati treatment plant all the pipes 
are coded. Wooden signs are 
posted throughout the plant and are 
helpful in identifying the pipes. Also 
all equipment is identified either with a 
painted number or with a_ phenolic 
plastic tag. This equipment number is 
used for the following: 


An operator is 


color 


Maintenance Card— 
Each piece of equipment and its drive 
mechanism is numbered and listed on a 
preventive maintenance card. Recom- 
mended maintenance by the manufac- 
turer is listed on the card. 


1. Preventive 


As recom- 
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mended maintenance is accomplished in 
the field it is the card. 
Any changes, alterations, or abnormal 
conditions are also listed on the card. 
2. Maintenance File—Each piece of 
equipment has its own folder. In this 
folder are the original approval draw- 
ings, catalogs, parts lists, and any cor- 
respondence relating to the unit. 


recorded on 


A lubrication chart is carried with 
the maintenance man when he makes 
his daily inspections of the plant. This 
chart gives the name of the equipment, 
type of lubricant to use, and the fre- 
quency of lubrication. Space is pro- 
vided so the maintenance man may 
indicate the date when he serviced the 
equipment. The work sheet is then 
turned over to the foreman who records 


the information on the preventive 
maintenance card. 
This constant inspection has mini- 


mized labor and equipment costs, be- 
cause corrections are made before they 
become major overhauls. 


Reference 


1. ‘*Engineer’s and Mechanie’s Pocket 


TIPS AND QUIPS 


Plastic and Glass Ladder 


Latest lightweight ladder, reportedly 
available, is constructed of glass fiber 
and polyester resin, and is non-conduc- 
tive for electrical and 
rosive for outdoor purposes. 


uses non-cor- 


Tunnel Disposal 


A radiation-proof tunnel has been 
constructed to receive worn-out equip- 
ment from radioactive operations at the 
Ilanford, Wash., atomie energy works. 
Equipment too big and heavy for ordi- 
nary disposal by burial will be sealed 
in the tunnel. 


Book,’’ 29th Ed., Harper Brothers, 
New York, N. Y. (1873). 
Brainwashing ? 


It’s all in the mind—at least this is 
the approach being taken by research- 
ers who are endeavoring to develop 
methods to counteract such industrial 
odors as those from petroleum refining 
and burning animal matter.  En- 
cephalographs (X-ray photographs of 
the brain) are being employed to follow 
the reactions of the brain to odors. 
Perhaps this approach will result in 
data that the harassed sewage plant 
operator can use in bettering his pub- 


lic relations with odor-conscious neigh- 
bors. 
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Sewer Planning 
Nine basie steps necessary for plan- 
ning and developing adequate sewer- 
treatment 
clearly in a 


age systems are presented 
12-page manual, 
‘Planning for New Sewers,’’ issued by 
the Clay Products Association, 100 N. 
LaSalle St., Chicago 2, Ill. Initial 
steps are outlined, from engineering to 
Adequate 
permanent materials, and proper con- 
Pubhe re- 


new 


financing. design, use of 
struction are emphasized. 
lations techniques, choosing bids, and 
proper supervision are given detailed 
attention. 
upon request. 


Free copies are available 


Infiltration Source 


Brown and Caldwell, Consulting En 
San Calif., 
cluded, as a result of a pressure testing 
program on sewers (THIS JOURNAL, 29, 
9, 963; Sept., 1957) that 85 to 90 per 
cent of storm water infiltration to sew- 
ers occurs through house connections. 
This 


workmanship and inadequate inspec- 


eineers, Francisco, con- 


condition is the result of poor 
tion during construction of house con- 


nections, 


Electric Motor Bearing Maintenance 
Cleaning Ball and Roller Bearings 


1. Stop motor and wipe clean the 
bearing housings and fittings. 

2. Remove pressure and drain plugs. 
Free any hardened lubricant in these 
holes. 

4. While motor is running, inject 
petroleum solvent and permit this sol- 
vent and thinned grease to drain out. 

+. Continue to add petroleum solvent 
until it runs clear. 


9. Stop motor, replace drain plug, 
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and fill housing with solvent. Permit 
motor to operate several minutes. 

6. Stop motor and drain solvent. If 
it is not clear repeat Step 5 until sol- 
vent appears clear. 

7. Replace plug and inject a small 
quantity of light oil. Run motor a 
few minutes, then drain oil; replace 
pressure fitting. 

Ss. Apply proper grade of lubricant 
until lubricant 
drain. motor 20 


shows at 
min., 


clean 
Run 
drain plug. 


open 
replace 


Lubricating Ball and Roller Bearings * 


1. Stop motor. 
2. Wipe clean the pressure gun fit- 
tings and relief plugs on the motor. 
Wipe the grease gun clean. 

4. Remove relief plug. 

Free relief 


crease. 


hole of any hard 

®. Apply the proper grade of lubri- 
cant while the motor is running. Do 
not fill more than half full. 

6. Permit run with relief 
plug out until excess lubricant is ex- 
pelled. 

7. Replace relief plug. 


motor to 


S, Wipe off all excess lubricant. 


Keep Well 


Some cities allow unlimited aceumu- 

Upon retirement 
employee receives 
for half of his accumulated 
unused sick leave. 


lation of sick leave. 
or resignation, an 
payment 
Some public agen- 
cies credit a portion of the unused an- 
nual sick leave to the employees annual 
leave. 


Thus—it pays to keep well! 


*Under normal conditions a lubrication 


once every six months is ample; 
is better. 


once yearly 
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News and Notes 


Of Persons and Activities in the Field of Hydrowastes 


A number of recent changes have taken 
place among personnel of the Sewage Dis- 
posal Seetion, City of Cincinnati, Ohio. 
John C. Bumstead, Supervising Sewage 
Disposal Engineer, resigned to accept a 
position as Sanitary Engineer with Alden 
Kk. Stilson and Associates, Consulting Engi- 
neers, Columbus, Ohio. John E. Sigler, 
Industrial Wastes Engineer, resigned to 
accept a position as Chemical Engineer in 
the Production Department of the Semi- 
Conductor Division, Texas Instruments, 
Inc., Dallas, Texas. Arthur E. Schwer, 
Jr., Superintendent of the Little Miami 
Sewage Works, was appointed Superin- 
tendent of the new Mill Creek Works. He 
is succeeded by Carl Zillig, Assistant Su- 
perintendent. Dean Taylor, Supervising 
Sanitary Engineer, has accepted the posi- 
tion of Superintendent of the new 100- 
n.g.d. sewage treatment plant of the Louis- 
ville and Jefferson County Metropolitan 
Sewer District, Louisville, Ky. 

Joseph J. Salvatorelli, engineer with Al- 
bright & Friel, Ine., has been elected As- 
sistant Vice-President of the firm. John 
G. Gruss has been placed in charge of the 
firm’s new branch office in the Fox Build- 
ing, Philadelphia, Pa. 

Jean-Paul Lalonde announces the open- 
ing of a new office at 615 Rue Belmont, 
Montreal, Que., Can., with Romeo Valois. 

Walter A. Lyon, Chief, Division of 
Publie Health Engineering, Philadelphia 
Health Department, has accepted the posi- 


tion of Assistant Director, Division of 
Sanitary Engineering, Pennsylvania De- 
partment of Health, Harrisburg, Pa. Carl 


Mason is Director of the Environmental 
Health Services, Pennsylvania Department 
of Health. 

Art D. Caster, principal sewage dis- 
posal engineer, City of Cincinnati, Ohio, 
was elected a director of the Engineering 
Society of Cincinnati and a Vice-President 
of the Cincinnati Chapter, Ohio Society of 
Professional Engineers. 

Grover L. Morris, Superintendent of the 
Oklahoma City sewage treatment plants, 
was recently named City Manager of Nor- 
man, Okla. 
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Alfred T. Neale, formerly Associate En- 
gineer of the Washington State Pollution 
Control Commission, has been appointed 
acting director to succeed E. F. Eldridge, 
who resigned to accept a position with 
USPHS. 

John H. Millar has been appointed Di- 
rector, Division of Sanitary Engineering, 
West Virginia State Department of Health, 
to succeed H. K. Gidley who resigned last 


year to enter consulting engineering prac- 


tice. Glen O. Fortney, Secretary of the 
West Virginia Member Association, and 


Sanitary Engineer with the State Health 
Department, has been appointed Chief of 
the Engineering Section. 

The American Society of Civil Engineers 
elected Karl Imhoff (Essen, Germany) to 
honorary membership. Jack E. McKee, 
Professor of Sanitary Engineering, Cali- 
fornia Institute of Technology, was one of 
the recipients of the Society’s Rudolph 
Hering Medal. Lewis A. Young, USPHS, 
Atlanta, Ga., is the newly appointed mem- 
ber of the Sanitary Engineering Technical 
Division. 

Rutgers University has appointed L. L. 
Hedgepeth, Senior Consultant in Water 
Sanitation, American Cyanamid Company, 
as Adjunct Professor. 

Dr. Richard S. Engelbrecht, Research 
Assistant Professor of Sanitary Engineer- 
ing, University of Illinois, has been ap- 
pointed Associate Professor and placed in 
charge of the sanitary engineering work 
in the Department of Civil Engineering. 
He succeeds Professor J..C. Dietz, who 
resigned to become a partner in the firm 
of Clark, Daily and Dietz, Urbana, III. 

Lowell O. Stewart, Head of the De- 
partment of Civil Engineering, Iowa State 
College, Ames, Iowa, died recently. He 
very professionally, and an 
author or coauthor of several books. 

Dorr-Oliver Ine. announced the promo- 
tion of Paul J. Cerny and Edward C. 
Cardwell to the positions of Assistant 
Manager of the Eastern and Central Sani- 
tary Divisions, respectively. 


was active 
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Book Reviews 


Sewage Treatment. By Karu ImuHorr 


GorDON M. Fair. Second Edition, 
John Wiley & Sons, Ine., New York, 
N. Y. 338 pp. Price, $7.50 (1956). 

This new volume is a revision of the 


original, which was published in 1940 and 
previously reviewed (THis JOURNAL, 12, 6, 
1164; Nov., 1940). As in the original edi- 
tion, the book consists of a direct statement 
of its subject from the standpoint of the 
designer and operator. Even though it in- 
cludes fundamentals, the caleulus is avoided 
and mathematical presentations are given 
in simple arithmetic. 

The book includes many tabulations, fig- 
ures, and graphs which inform the reader 


quickly. Material has been deleted from 
the previous edition which included some 
processes that have fallen into disuse. New 


material includes data on current applica- 
tions of the various treatment practices. 
While the book is presented for use in 


sewage and industrial waste treatment in 
North America, some material has been 
taken from Imhoff’s “Taschenbuch Der 


Stadtentwisserung,” now in its sixteenth 


edition. As in the predecessor volume, a 
generous list of general references is given 
along with a most useful compilation of 
weights and 
ures applicable to the field of sewage and 
industrial wastes. 


abbreviations, symbols, meas- 


R. E. FuHRMAN 


Sewerage Planning. By Tuomas DES. 
FurRMAN, JOHN E. Kiker, Jr., AND DAviID 
B. Smiru. Florida Engineering and In- 
dustrial Experiment Station, University 
of Florida, Gainesville, Fla. 86 pp. 
Price, $1.10 (1956). 

This timely publication will be of con- 
siderable aid to real estate developers and 
municipal officials who are under increas 
ing pressure to provide adequate sewage 
treatment facilities. Written to clear away 
misunderstandings about sewage treatment 

its procurement, application and opera- 
tion—this text will also serve those who are 
responsible for explaining sewage treat- 
ment processes and needs to the publie. 

Basie discussions, well illustrated, briefly 
detail the history of sewage treatment, the 
layout of the sewer system, and the several 


methods of sewage treatment. The reader 
is conducted through these sections by clear 
description. Even the uninitiated reader 
should have no difficulty in understanding 
the public health significance of sewage 
treatment and how the various processes 
operate, 

Following the basic material on sewage 
treatment is a section on methods of finane- 
ing sewerage systems, including the popu- 
lar revenue bond method. The respective 
roles of the state board of health, the con- 
sulting and the contractor are 
outlined so that the reader, and particularly 
the community official, will understand the 
steps necessary to get a system designed, 
approved, and 


engineer 


Advice on 
choosing an engineer and a contractor is 
given, together with information on charges 
to be expected. 


constructed. 


The concluding sections emphasize the 
community’s responsibility for the proper 
operation and maintenance of the treat- 
ment works. Information is presented on 
the staff requirements, equipment upkeep 
The 
final section calls attention to the needs of 
suburban adjacent to the munici- 
pality, and the necessity for long range 


planning of sewerage facilities. 


and various costs, including salaries. 


areas 


Although this publication is directed pri- 
marily to readers in Florida, its basie ma- 
terial is applicable to all locales. 

D. P. 


Foundations—Design and Practice. By 
Eiwyn E. Seetye. John Wiley & Sons, 


Inc., New York, N. Y. Price, $16.00 
(1956). 
This comprehensive volume provides 


up-to-date information on all phases of 
foundation work, including subsurface ex- 
ploration, inspection, foundation reports, 
specifications, estimates, contracts, and de- 
Excellent and tables il- 
luminate and clarify the text material. The 
author presents elementary material fol- 
lowed by judicious counseling based on 
vears of experience. 
Also ineluded is a 


drawings 


sign. 


section on cathodie 


protection for steel structures in salt water. 
D. P. Scutesswonn 
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Fillmore, Calif. 
Sewage Plant 


Photo at Left 
Digester at 
Fillmore Plant 


Varec Equipment helps Fillmore, Calif. 
meet its Sewage Problem 


Fillmore faced a common problem of 
many Southern California cities, — a 
booming population that over-taxed the 
sewage system. 

The solution was a compact, modern 
digester system that is efficient and attrac- 
tive. To protect this fine plant against fire 


and explosion, and regulate the volatile 
sewage gas for smooth operation, VAREC 
SEWAGE GAS CONTROL AND 
SAFETY DEVICES are on the job. 
Over 18 years of experience in control- 
ling sewage gases has made Varec one of 


the leaders in the field. 


Send for Varec Catalog S-3 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, California 
Cable Address: Varec Compton California (U.$.A.) All Codes 


S-14 Available from Authorized Sewage Equipment Agents throughout the U.S. and Canada 


= Top Photo 
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Proceedings of Member Associations 


KANSAS SEWAGE AND nominee for the Hatfield Award is 
INDUSTRIAL WASTES Lyle Cunningham, Sewage Treatment 
ASSOCIATION Plant Superintendent, Parsons, Kans. 


The Kansas Sewage and Industrial At the Business Meeting of the Kan- 
Wastes Association held its 12th An- ‘%#S Association, it was decided that the 
nual Joint Meeting with the Kansas 108 Annual Meeting will be held in 
Section AWWA, at the Broadview Salina, Kans., March 12 14, 1958. ; 

Hotel, Wichita, Kans., April 10-12, lechnical papers of particular in- 
terest to sewage and industrial wastes 
personnel included presentations on 
the following topics: water and sewage 
facilities for the Kansas Turnpike, di- 
gester gas systems, pollution abatement 
in the Arkansas River Basin, health 
considerations in the operation of sew- 


1957. Total attendance at the meeting 
Was approximately 250. 

The membership in the Kansas Sew- 
age and Industrial Wastes Association 
now stands at 130, which represents an 
increase over 1956 membership of ap- 
proximately 20 per cent. : 

The Committee on the Bedell Award ®8¢ treatment plants, industrial wastes 
the problems in municipal sewerage sys- 
in 1958. Myron K. Nelson. Chief Engi- t¢™s, and developments in clay pipe 
neer, Mission Township Main Sewer ‘@Wer construction. A paper by W. 
District No. 1, Mission, Kans. The (Continued on page 490a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized” for protection against rust and corro- 
sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GarTES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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Get to know BERMICO 


Even as plumbing codes are being tight- 
ened up, more and more code authorities 
are approving BERMICO Sewer Pipe, the 
root-proof, long lasting, easy-to-install 
pipe for house-to-sewer or septic tank 
connections. 

The Southern Building Code Congress 
of States from Virginia to Texas, and the 
W.P.O.A. with members in all Pacific 
Coast States, have approved it. So have 
San Diego and nearly a dozen other coun- 
ties in California, as well as counties in 
many other states. In Salt Lake City, 
Oakland, Los Angeles, Portland, Oregon; 
Detroit, Milwaukee, Denver, Atlanta, 
Cleveland, Jacksonville, to name a few, 
city ordinances authorize its use. 


Made of tough cellulose fibre impreg- 


nated with coal-tar pitch, Bermico insures 
dependable connections with sewer lines. 
Light weight, resilient 8-foot lengths can 
be installed rapidly, joined instantly with- 
out sealing compound. BERMICO exceeds 
Federal Specifications SS-P-356 ... and 
Commercial Standard CS116-54. 

Your community’s interests will be well 
served by a modernized plumbing code 
that includes BERMICO. Write for com- 
plete data, Dept. BJ-11, our Boston office. 


QUALITY? 
BROWN COMPANY 


General Sales Offices: 
150 Causeway Street, Boston 14, Mass. 
Mills: 
Berlin, New Hampshire and Corvallis, Ore. 
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Since 1885 GRUENDLER QUALITY 
THE BEST THAT MONEY CAN BUY 


Note wide acceptance! 


MORE 28 GRUENDLER 
THAN SEWAGE 
SHREDDERS INSTALLED 
IN CITIES IN U.S.A. 


SEE the performance of the 
GRUENDLER SEWAGE SHREDDER 


in a City, near yours— 
(Locations mailed on request) 


SINGLE or MULTIPLE UNITS 
installed in connection with Bar 


Screens of leading Manufacturers 
Gruendler Sewage Shredders are 
very popular where Bar Screens are 
in use. Debris, leaves, sticks, rags, 
other matter quickly reduced, as- 
suring an even and continuous flow 
through system. Patented features 
overcome many of the difficult prob- 
lems. Earlier installations still func- 
tioning after 10-15 years of service. 


| See your Consulting Engineer for data : 
| and specifications on Gruendler Units, or | 
Write us for CATALOG—-S.G. 10 without 
obligation. Contains diagrams for instal- 
lation, types and sizes of Units including 
| Shredders, Garbage Grinders, Dry Sludge | 
| Shredders, Refuse and Compost Grinding | 
| Equipment. 
' 


CRUSHER & PULVERIZER CO. 


2915 N. MARKET ST. Dept. SIW-1157 ST. LOUIS 6, MO. 


W. Towne of the Taft Sanitary Engi- 
neering Center, Cincinnati, Ohio, on 
‘*Research Studies on Waste Stabiliza- 
tion Ponds,’’ included information pre- 
viously published in THis JOURNAL 
(29, 4, 377; Apr., 1957). 

Also featured was a panel discussion, 
moderated by Roy Binder of Hays, 
Kans., on sewage treatment plant op- 
eration. Participating were Leonard 
Beyer, McPherson; Don L. Brownlee, 
Wellington; Wilbur K. Moffatt, Cha- 
nute; Leland Talbot, Wichita. 

Officers elected were: 

Chairman: V. W. Pickering, Wichita. 
First Vice-Chairman: Stanley M. Smith, 

Salina. 

Second Vice-Chairman: Wilbur K. 

Moffatt, Chanute. 

FSIWA_ Director: Roger D. Lee, 

Wichita. 

Secretary-Treasurer: James F. Aiken, 

Jr., Wichita. 

JAMES F. AIKEN, Jr., 
Secretary-Treasurer 


CALIFORNIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 29th Annual Conference of the 
California Sewage and_ Industrial 
Wastes Association was held at the El 


| Cortez Hotel, San Diego, Calif., May 


14, 1957. The San Diego County Sec- 
tion of the California Association was 
the host. More than 500 members and 


cuests were registered. 


The first day of the program (May 
1) was an all-day preconference short 
school course for sewage treatment 
plant operators. The course covered 
the subjects of sampling, analyzing, 
and record keeping. 

The technical program featured sev- 
eral interesting sessions devoted to op- 
eration and sewer maintenance. These 
included breakfast sessions on opera- 
tion, sewer maintenance, industrial 
wastes, and laboratory practice. Work- 
shops were featured on operation and 


; on sewer maintenance. 


(Continued on page 492a) 
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Dispose of: 
GRITS, GREASE, SKIMMINGS, 
SCREENINGS, SLUDGE... 


. . Burn them all together in 


a Herreshoff Furnace 


GRIT CHAMBER CLEAN 
- GRIT GASES 
SCREENINGS 
SCREENS 
SKIMMINGS AND GREASE NICHOLS 
SETTLING TANK 
FILTER 
RAW SLUDGE Filter Cake 
INCINERATOR FLY 
DIGESTER DIGESTED SLUDGE ASH 


Rugged 
Economical 


Dependable 


NICHOLS 
Engineering & Research Corp. 
70 Pine Street, New York 5, N.Y. 

1637 NORTH ILLINOIS STREET, INDIANAPOLIS 2, INDIANA 
405 MONTGOMERY STREET, SAN FRANCISCO 4, CALIFORNIA 


1477 SHERBROOKE STREET WEST, MONTREAL 25, CANADA 


| 
CHOLS Hearth 
auitiple Heart! 3 
Burn digested, raw, or liquid sludge to ue 
an easily disposable ash or dry it to a —- 
Material usefy| as a soil conditioner 
in a Nichols Herreshof unit. Wai 
Herreshoffs are the most reliable of gli nae 
sewage sludge furnaces, based Upon 
their records for continuous, month-after- 
rT month Performance without q shut-down wes 
CLEANEST of all dryer-incinerator methods 
1 MOST ECONOMICAL of all dryer. 
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The membership record of the Cali- 
fornia Association entitles it to annual 
presentation of the Bedell and Hatfield 
awards. The 1957 awards were made 
by Federation Past President George 
W. Martin as follows: 


Bedell Award—Arthur G. Pickett, 
Industrial Wastes Engineer, Los An- 
geles County Sanitation Districts, San 
Marino. 

Hatfield Award— Murray B. Me- 
Kinnie, Superintendent, Sewage Treat- 
ment Plant, Santa Rosa. 


At the business session revised econ- 
stitution and bylaws adopted. 
The Safety Committee of the Calli- 
fornia Association reported that publi- 
cation of the Association’s safety man- 
ual was near realization, following sev- 
eral years of work by the committee. 

Authorization of the 14th local see- 
tion was approved. J. H. 
was elected the second director, as au- 
thorized by the Federation Board of 
Control in 1956. R. T. Antrim, Re- 


were 


Peterson 


SEWAGE TREATMENT PLANT 


SUPERVISORS 
(CIVIL SERVICE POSITIONS) 


The Department of Water and Sewers 
of the City of Miami, Florida, is ac- 
cepting applications for the position of 
Sewage Treatment Plant Supervisor. 


The Salary range for this position is 
$5,388.00 to $6,648.00. Desired quali- 
fications: At least five (5) years pre- 
vious experience in the operation of 
complex sewage treatment plants. Edu- 
cation: Graduation from high school or 
a vocational school with courses in 
chemistry and biology of sewage treat- 
ment or related subjects. 


This is a Civil Service position as a 
shift Supervisor. (Rotating shifts.) It 
includes a paid vacation, sick leave, 
group insurance, health, welfare, and 
pensions plans and many other em- 
ployees benefits. 


Send a complete summary of your edu- 
cation, previous experience and personal 
data to C. F. Wertz, Director, Depart- 
ment of Water and Sewers, City of 
Miami, P. O. Box 316, Miami 33, 
Florida. 


SEWAGE AND INDUSTRIAL WASTES 


dondo Beach, is the present director 
and serves until 1959. 
Officers elected for 1957-58 are as 
follows: 
President: John Magon, Berkeley. 
First Vice-President: Robert D. Barg- 
man, Los Angeles. 
Vice-President: P. H. 
Gauhey, Richmond. 
FSIWA Director (1958): 
son, San Francisco. 


Second 


Me- 
J. H. Peter- 


Secretary-Treasurer: Robert H. Bar- 


letta, Anaheim. 
Rospert H. BaRLerTA, 
Secretary-Treasurer 


ALABAMA WATER AND 

SEWAGE ASSOCIATION 
The 1957 Annual Meeting of the 
Alabama Water and Sewage Associa- 
tion was held 1957 at the 
University of Tuscaloosa, 


June 3-5, 
Alabama, 
Ala., in eonjunection with the annual 
water and sewage short course school. 

The first two days of the school were 
The 
third day was a general session pro- 
gram. This portion of the program 
included papers on the effect of Pub- 
lic Law 660 (Federal Water Pollution 
Act) on Alabama, the role of the plant 
operator in time of disaster, construe- 
tion features of the Mobile, Ala., sewer 
interceptor and treatment plant pro- 
gram. Water resources and industrial 
development in Alabama were effee- 
tively presented by W. Cooper Green, 
Vice-President, Alabama Power Com- 
pany. Concluding the program were 
papers on trenching and the manufae- 
ture and handling of chemicals used in 
water and sewage treatment. 


devoted to classroom instruction. 


Officers were elected as follows: 
Preside nt: Guy E. MeAliley, Foley. 
Vice-President: D. A. MeLemore, 

Phoenix. 

FSIWA Director: Theodore Jaffe, Au- 
burn. 

Treasurer: Henry R. Thacker, Auburn. 

Secretary: Robert Tindal, University. 


Rosert TInDAL, 
Secretary 
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32. Method of Treating Plating Waste 


EIVIEIRIy 


RIAICIE 


RECOVERY? 
DISPOSAL? 


There is no one process that will solve all plating waste problems. 
Experience has shown staff and consulting engineers that the 
correct solution can be obtained only by thoroughly evaluating 

all the factors in each case. 


Whether the answer is recovery, disposal or a combination of both, 
Graver has complete equipment to do the job. Graver’s 50 years of 
liquid treatment experience has resulted in equipment of advanced 
designs and engineered flexibility to suit individual requirements. 


WRITE FOR TECHNICAL ARTICLE AND BULLETINS: 
T-136: Plating Waste Solutions; Recovery or Disposal 


WC-103A: Reactivators e WC-111: lon Exchangers 


GR AVER ® Industrial Waste Treatment Dept: W-211 


GRAVER WATER CONDITIONING CO. 
Division of Graver Tank & Mfg. Co., Inc. 
216 West 14th Street, New York 11, N. Y. 
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Equipment and Supply Lines 


Sewer Cleaning Service—An inter- 
esting news-picture bulletin describes 
the problems overcome and equipment 
used in cleaning sewers following a 
disastrous flood.—Ace Pipe Cleaning, 
Inc., 3513 East 18th St., Kansas City, 
Mo. 

Controls for Liquids and Gases— 
Major equipment for the measurement 
and control of liquids and gases is pre- 
sented in the 36 information-packed 
pages of Bulletin 005.—Simplex Valve 
and Meter Co., 7 East Orange St., Lan- 
easter, Pa. 

Waterstop—Technical Report No. 1 
summarizes data on how the design of 
the cross-section of a waterstop affects 
the bonding of the waterstop. The re- 
port is presented by Electrovert, Inc., 
manufacturers of ‘‘Durajoint’’ and 
‘‘Duraseal’? PVC waterstops. Copies 
are available from W. R. Meadows, 
Ine., 7 Kimball St., Elgin, Ill, or Tecon 
Products Ine., 304 Alaskan Way, 
Seattle, Wash. 

Pneumatic Ejector Stations—Bulle- 
tins No. 610-A and No. 615 present 
current data on pneumatic ejector sew- 
age lift stations for compact packaged 
installations. The units are coated 
with an epoxy resin protective coating. 

Smith and Loveless, Ine., P. O. Box 
8172, Kansas City, Mo. 

Sewer Cleaning Equipment — A 
sewer cleaning unit, aptly called a 
‘*Sewer Scooter.’’ consists of a wheeled 
carriage frame fitted with a shield that 
stops the flow in the sewer and uses 
the hydraulic head developed to push 
the unit forward, cleaning out the 
sewer The shield can be controlled to 
release the impounded flow and thus 
flush the debris ahead of the unit.— 
Fitzgerald Engineering Co., Inc., 233 
South Dixie Highway, Coral Gables 34, 
Fla. 

Trickling Filters—Bulletin 6200-A 


diagrams the ‘‘Accelo’’ filter system 


for recirculation of trickling filter ef- 
fluent.—Infilco Inc., Tueson, Ariz 


Pipe Joint—The double-ball Plasti- 
sol compression joint (Wedge-Lock) 
for clay pipe sizes 4 to 12 in. reportedly 
snaps together for quickly making 
tight joints. Bulletin R-656-9——Robin- 
son Clay Produets Co., 65 West State 
St., Akron 9, Ohio. 


Backcheck Valve—<An inexpensive, 
plastic backcheck valve is available for 
use on hoses and other hose attached 
water-using appliances subject to back 
siphonage.—Hercules Plastic Corp., 9 


Rockefeller Plaza, New York, N. Y. 


Antifrothant—Technical data are 
available for a water-base liquid anti- 
frothant reported to be effective where 
oil-base antifrothants are unsatisfac- 
tory.—National Aluminate Corp., 6262 
West 66th Pl. Chicago 38, IIL. 


Clay Pipe Jointing — Five tested 
methods (hot-poured bituminous, 
Wedge-Lock, pre-cast bituminous, mor- 
tar, and pressure) for jointing vitrified 
clay pipe are described in the Bulletin 
‘Joints for Vitrified Clay Pipe.’’— 
Clay Sewer Pipe Assn., 311 High-Long 
Bldg., 5 East Long St., Columbus 15, 
Ohio. 


Antifrothant Feeder—A four-page 
illustrated folder describes methods of 
feeding antifrothant agents—Hodog 
Chemical Corp., 7247 North Central 
Park, Chicago, I]. 


Manhole Cleaner—<A truck-mounted 
manhole and septic tank cleaner is 
equipped with a crane-mounted suction 
hose through which sludge and water 
are drawn into a sludge compartment 
by a hydraulic ram in the truck tank. 
The water overflows to the manhole 
and the solids are retained in the tank 
and compressed by the ram-pusher 
plate.—City Tank Corp., 53-09K 97th 
Pl., Corona 68, N. Y. 
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DIRECTORY OF ENGINEERS 


(Continued through page 502a) 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Jams, Flood Control Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 
Civic Opera Building Chicago 


ANDERS@N-NICHOLS 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers —Airport Design —Sewage Disposal 
Systems-—Water Works Design and Operation—Surveys 
and Maps—City Planning —Highway Design—Construe- 
tion Surveys—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 


Investigations 


P. O. Box 166 Crystal Lake, Ulinols 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemica! Analyses 


Amberst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 
G. 8. C. G, GalrHEeR J. K. Laraam 
J. W. Finney, Jr., Assoc. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 
Industrial Water 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


It pays to secure competent and experienced engineering advice! 
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BLACK & VEATCH 
Consulting Engineers 


DIRECTORY OF Sewage - Water — Electricity - Industry 


Reports, Design, Supervision 
ENGINEERS of Construc tion, Investigations, 


Valuation and Rates 


1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


BOWE, ALBERTSON & ASSOCIATES 


Consulting Engineers E 
CLIntoN L, Bogert Frep S$. 
Ivan L. BOGERT DONALD M. DITMARS Sewage and Water Works—Industrial 
foBERT A. LINCOLN CHARLES A. MANGANARO Wastes—Refuse Disposal—Municipal 
WILLIAM MARTIN Projects—Industrial Buildings—Reports— 
& Sewage Works Construction and Operation 
Highways and Bridges Airfields ; 


145 East 32nd Street, New York 16, N. Y. 75 West Street New York 6, N. Y. 


BOYLE ENGINEERING CONSULTING ENGINEERS! 


Consulting Engineers If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


Water — Sewers — Streets 
Structures — Surveys 
Reports—Special Districts 


in the... 
331 Spurgeon Bidg. 3913 Ohio, Rm. 200 Official Professional Journal of the 
Santa Ana, Calif. San Diego 4, Calif. Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL BROWN ENGINEERING CO. 
CIVIL AND CHEMICAL ENGINEERS Consulting Engineers 
WATER - SEWAGE - INDUSTRIAL WASTE Waterworks, Sewage Disposal, Airports 
CONSULTATION - DESIGN - OPERATION 


Street Improvements, Power Plants 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


Electric Distribution, Rates 


66 MINT STREET SAN FRANCISCO 3 K. P. BUILDING DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES BUCK, SEIFERT AND JOST 


F. G. Browne S. W. Kuhner 
W. G. Smiley C. R. Martin Consulting Engineers 
G. M. Hinkamp W. H. Kuhn 
Consulting Engineers Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Water - Sewage - Ind istrial Wastes - Power Valuations and Reports 
Reports, Designs, Construction 
Supervision, Investigations 
sboratory 


123-125 W. Church Street Marion, Ohio 112 East 19th Street New York 3, N. ¥. 


Chemical and Biological Laboratories 


Your firm should be BURGESS & NIPLE 


listed here Civil and Sanitary Engineers 


. the most complete Directory 
available of consultants specializ- Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
ing in sewage and industrial wastes Laboratories, Plant Supervision 


treatment. 


2015 W. Fifth Ave. Columbus 12, Ohio 


Take advantage of the services of these outstanding consultants! 


s 
a 
4 
: 
3 
a 
ive 
: 


SEWAGE AND INDUSTRIAL WASTES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 
KANSAS CITY, MO. 
P.O. Box 7088 
Phone: DElmar 3-4375 


DIRECTORY OF 
ENGINEERS 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration—Gas Systems 
Valuations— Rates-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. Chicago 11, Ill. 


CONSULTING BIOLOGISTS 
Thomas Dolan Charlies B. Wurtz 
Freshwater and Marine Pollution Surveys 

Biological Surveys of Sewage and 

Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
sioassays 
Investigations and Reports 
610 Commercial Trust Bldg. 
Philadelphia 2, Pa. 


COTTON, PIERCE, STREANDER, INC. 


Associated Consulting Engineers 
Water Supply, Treatment, Distribution, 
Sewerage, Sewage Treatment, Refuse Disposal 
132 Nassau Street, New York, N. Y. 

55 Caroline Road, Gowanda, N. Y. 

2718 Garfield Street, Hollywood, Fla. 
Colon 106, Havana, Cuba 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


Damon & Foster 


Consulting Cirtl Engineers and 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


It pays to secure competent and experienced engineering advice! 
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CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 
Port and Terminal Works—Industrial Bldgs 
BOSTON, MASSACHUSETTS 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 

Official Professional Journal of the 

Sewage and Industrial Wastes Field! 


FINKBEINER, PETTIS & STROUT 


Carveton 8. Finxsetner Cuarves E. Perris 
Haroip K. Strout 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 
FORT WORTH, TEXAS 


FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 

Industrial and Municipal Engineering— 

Water Supply and Purification—Sewerage 

and Industrial Waste Treatment—High- 

ways and Structures—Dams—Drainage 

Works—Airports Investigations—Valua 

tion—Design and Supervision 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures; 

rainage ; Foundations 
Industrial Waste Disposal 

Investigations; Reports; Plans and 

Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Cunstruction—-Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Lonis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports 
HARRISBURG, PENNA. 


Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. 


GARRITY & MOSHER 
Engineers 
Leo V. Garrity L. W. Mosuer 
Municipal and Industrial Water and 
Sewage Works 
Water System Analyses 
Tunnels and Foundations 
Reports, Designs, Plans and Specifications 


14050 W. McNichols Rd. Detroit 35, Mich. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


607 Washington S 


t. 
New York READING, PA. Washington 


Glace & Glace, Inc. 
Civil and Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


Take advantage of the services of these outstanding consultants! 
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GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


DIRECTORY OF 
ENGINEERS 


FRANK E. HARLEY AND ASSOCIATES 
Consulting Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes and Garbage Disposal 
Municipal Improvements Town Planning 
Surveys 

Design, Supervision and Operation 

260 Godwin Avenue Wyckoff, N. J. 


HARRIS-DECHANT ASSOCIATES 
Frederick H. Dechant Consulting Engineer 


Water Works, Industrial Wastes, Sewerage, 
Recovery Processes, Hydraulic Works, 
Natural Gas Transmission and Distribution. 


123 S. Broad St. Philadelphia 9, Pa. 


ONLY $66 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. S. Palocsay E. S. Ordway 
F. C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 


Ricuarp Hazen 


Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. ¥. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Horner E. E. Bioss 
V. C. LiscHer 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 
Shell Bullding, St. Louis 3, Missouri 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced engineering advice! 
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INDUSTRIAL WASTE DISPOSAL CORPORATION 
Consultants 
Oceanographers — Chemists —- Engineers 


Deep Sea Disposal 


Plant Site and Outfall Surveys 
Biological and Chemical Analyses 
Research Waste Treatment 
Pollution 


Drawer 150 Baytown, Texas 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BESSELIEVRE, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Building 
TROY, NEW YORK 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 
Reports, Designs, Supervision 
Of Construction and Operation 
Chemical & Biological Laboratory 


1100 South Broad St. Trenton, N. J. 


Wm. S. -Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 
Consulting Engineers 
Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


Take advantage of the services of these outstanding consultants! 
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METCALF & EDDY 

Engineers 

Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 

Laboratory Valuations 

Airports 

Statler Building 
Boston 16 


DIRECTORY OF 
ENGINEERS 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural Power — Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 
Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Cc lting, Di and Supervising Engineers 


Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrica! Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
M m Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design ; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Louis C. McCane, Pres. 


4435 Wisconsin Ave. Washington 16, D. C. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 


O. J. Rippie V. A. VASEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 

Water Works Systems, Filtration and Softening 

Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


Robert and Company 
Associates 
Engineering Division 


ATLANTA 


Water Supply - - - - - - - Incinerators 
Sewage Disposal - - - - - - Power Plants 


It pays to secure competent and experienced engineering advice! 
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RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicago 4, Illinois 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 
Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 


J. STEPHEN WATKINS 
J. S. WaTKINS G. R. Watxrns 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures 

251 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
ater—Sewage 
Surveys—Research—Development— Process 

Engineering Plans and Specifications 
Operation Supervision Analyses E-valua- 
tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply 

Water Purification, Water Front Improvements, 

Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial 
wastes treatment. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


Take advantage of the services of these outstanding consultants! 
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25 years ago “Flexible’’ Steel Sewer 
Rods ‘took the men out of the sewers. 
When power turning was introduced, 
FLEXICROME STEEL had to be developed 
to withstand the added stresses and 
strains 


FLEXICROME is the only alloy steel 
produced exclusively for sewer rodding. 
There is no known equal, as confirmed 
by independent laboratory reports. As an 
added “life preserver,” a heat fused, pore +: 
sealing coating is applied to improve 
sewer acid resistance. FLEXICROME 
GRoovED COUPLINGS are also specially 
designed to last longer and couple and 
uncouple in half the time. 


That’s why some cities report up to 
200,000 feet of sewer rodding with 
FLEXICROMES before replacement. 


4 


1005 SPENCERVILLE ROAD, LIMA, OHIO 
3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
351 W. JEFFERSON BLVD., DALLAS, TEXAS 


HIGH SPEED 
SEWER RODDING! 
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For Superior, Infiltration-Proof Sewer Lines 


Snap gasket on spigot end. 


Push spigot home. Joint still tight when deflected. 


LOCK JOINT ROLLER SUSPENSION PIPE WITH 
LOCK JOINT FLEXIBLE JOINT RUBBER GASKET 


Many engineers who demand the best 
in sewer lines specify Lock Joint Roller 
Suspension Pipe for their projects. In 
addition to its unusual strength, this 
concrete pipe offers premiums in 
durability, economy of installation 
and excellence of joint structure. 

Where a tight line is imperative, you 
will get best results by sealing Roller 
Suspension Pipe’s precision made 
joint ends with Lock Joint Flexible 
joint Rubber Gaskets. These gaskets 
require no joint compound or adhe- 
sive. Merely snap the gasket in place 


LOCK 


Sewer and Culvert Pipe Plants: 


Kenilworth, New Jersey 
Hartford, Connecticut 
New Haven, Connecticut 
Beloit, Wisconsin 
Chicago, Illinois 

Rock Island, Illinois 


East Orange, N. J. 


Valley Park, Missouri 

N. Kansas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Wichita, Kansas 

Denver, Colorado 


on the spigot end and force the spigot 
“home” in the bell. The joint thus 
formed will not only reduce your in- 
filtration problems to a minimum, 
but will also have such a degree of 
flexibility as to accommodate unusual 
deflections from ground settlement or 
other sources without endangering 
the complete tightness of the line. 


JOINT PIPE CO. 


Cheyenne, Wyoming 
Casper, Wyoming 
Tucumcari, New Mexico 
Hato Rey, Puerto Rico 
Ponce, Puerto Rico 
Caracas, Venezuela 


Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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When you plan your new facilities, include W & T Equipment, both Chlorinators and Dry Chemical Feeders. 


ee 


... this is where we plan to put 


the W&T Dry Chemical Feeders.” 


When you plan your new plant or the expansion of your present one, be sure 
to plan a place for W& T Dry Chemical Feeders as well as Chlorinators. W & T 
Feeders are used for every type of dry feeding problem found in water and sewage 
treatment plants. 


W & T makes both volumetric (volume measurement) and gravimetric (weight 
measurement) feeders. There is a feeder for any size job, from small equipment 
to measure out ounces, to accurate giants capable of handling thousands of pounds 
per minute. 

To find out more about W &T Dry Chemical Feeders, write for bulletin S-123. 
Cr let us know the type of feeder problem you have, so we may send publications 
describing the W & T equipment best suited for your job. 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


